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METHODS OF USING A FACILITATOR 
OF RETROVIRAL ENTRY INTO CELLS 

5 GOVERNMENTAL SUPPORT 

The research leading to the present inventions was funded in part by Grant No. 
AI 33856 from the National Institutes of Health. The government may have certain 
rights in the invention. ' , 

10 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to the binding, transport and infection of cells 
by retroviruses including HIV-1, and HLV-2. Methods of identifying agents that 
15 modulate such processes, the agents themselves and therapeutic uses of such agents 
are also provided. Related diagnostic methods are also included. 

BACKGROUND OF THE INVENTION 

20 The human immunodeficiency viruses infect CD4 + macrophages and T helper cells. 
Although HTV-1 entry requires cell surface expression of CD4, to which the viral 
envelope glycoproteins bind, several studies have suggested that it is not sufficient for 
fusion of the viral envelope to the cellular plasma membrane. Early studies have 
shown that while human cells expressing a transfected CD4 gene were permissive for 

25 virus entry, murine cells expressing human CD4 were not. These findings led to the 
suggestion that there is a species-specific cell surface cof actor required in addition to 
CD4 for HTV-1 entry. Subsequent studies have shown that strains of HIV-1 that had 
been adapted for growth in transformed T-cell lines CT-tropic strains) could not infect 
primary monocytes or macrophages; in contrast, primary viral strains were found to 

30 infect monocytes and macrophages, but not transformed T cell lines. This difference 
in tropism was found to be a consequence of specific sequence differences in the 
gpl20 subunit of the envelope glycoprotein, suggesting that multiple cell type-specific 
cofactors may be required for entry in addition to CD4. 
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The nature of the cofactors required for HIV entry proved elusive until it was 
discovered that the principal receptor for entry of macrophage-tropic (M-tropic) HTV- 
1 strains was CCR5, whereas the principal receptor for entry of T-cell line-tropic (T- 
tropic) strains was CXCR4. On the other hand, both M-tropic and T-tropic strains of 

5 simian immunodeficiency virus (SIV) can be mediated by CCR5, but not CXCR4 
[Chew et aL. /. Virol, 71:2705-2714 (1997); Marcon et aL, J. Virol, 71:2522-2527 
(1997); and Edinger et aL, Proc. Natl. Acad. Set. USA 94:4005-4010 (1997)]. More 
importantly, SIV strains were also found to infect CD4 + cells that lack CCR5 [Chen et 
aL, J. Virol., 71:2705-2714 (1997); and Edinger et aL. Proc. Natl. Acad. Sci. USA, 

10 94:4005-4010 (1997)]. 

In humans, CCR5-tropic viruses are primarily involved in transmission, while viruses 
with broader tropism, particularly for CXCR4, emerge during progression to 
immunodeficiency [Fauci, Nature, 384:529-534 (1996)]. It is not yet known whether 

1 5 appearance of CXCR4-tropic viruses is a consequence or the cause of immune system 
decline. Insight into this key problem of virus evolution is likely to require 
experimental manipulation in animal models. Infection of non-human primates with 
SIV remains the only good animal model for studying pathogenesis of the 
immunodeficiency viruses [Desrosiers, Armu Rev Immunol, 8:557-578 (1990)]. 

20 Moreover, different species of non-human primates vary widely in their responses to 
SIV infection. For example, Rhesus macaques succumb to immunodeficiency that 
closely resembles AIDS in humans, but sooty mangabeys and African green monkeys 
can sustain infection with little evidence of immune system damage [Kestler, Science, 
248:1109-1112 (1990)]. These interspecies differences provide important clues for 

25 . understanding and combating disease progression in HIV-infected humans. 

Transmission of Human Immunodeficiency Virus Type 1 (HTV-1) infection in humans 
requires the dissemination of virus from sites of infection at mucosal surfaces to T cell 
zones in secondary lymphoid organs, where extensive viral replication occurs in CD4* 
30 T-helper cells and macrophages [Fauci, Nature, 384(6609):529-534 (1996)]. These 
cells express both CD4 and the chemokine receptor CCR5, which together form the 
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receptor complex required for entry by the R5 viral isolates that are prevalent early 
after infection [Liftman, Cell, 93:677-680 (1998); Lu etal., Proc. Natl. Acad. Scu 
U.SA., 94(12):6426-6431 (1997); Dragic et aL, Nature, 381:667-673 (1996); US 
Patent No: 5,939,320, Issued August 17, 1999; and U.S. Patent Application 
09/116,498, Filed July 7, 1998, the contents of which are hereby incorporated by 
reference in their entireties]. Viruses with tropism for other chemokine receptors, 
particularly CXCR4, are rarely transmitted, and generally appear only late in infection. 
Such CXCR4-tropic isolates replicate poorly in macrophages, and it has hence been 
proposed that infection of macrophages is a requisite component of viral transmission. 



10 



The mechanism of early viral dissemination remains vague, but based on anatomical 
distribution of different hematopoietic lineage cells and on in vitro infectivity studies 
it has been inferred that immature dendritic cells (DC) residing in the skin and at 
mucosal surfaces are the first cells targeted by HTV-1. DC are the most potent 

15 antigen-presenting cells in vivo [Banchereau and Steinman, Nature, 392:245-252 
(1998); Valitutti et aL, Nature, 375:148-151 (1995)]. Immature DC in peripheral 
tissues capture antigens efficiently and have a unique capacity to subsequently migrate 
to the T cell areas of secondary lymphoid organs. As the cells travel, they mature and 
alter their profile of expression of cell surface molecules, including chemokine 

20 receptors, lose their ability to take up antigen, and acquire competence to attract and 
activate resting T cells in the lymph nodes [Banchereau and Steinman, Nature, 
392:245-252 (1998); Adema et aL, Nature, 387(6634):713-717 (1997)]. HTV-1 is 
thought to subvert the trafficking capacity of DC to gain access to the CD4 + T cell 
compartment in the lymphoid tissues [Steinman and Inaba, J. Leukoc. Biol., 

25 66(2):205-208 (1999); Rowland-Jones, SJL, Curr. Biol., 9(7):R248-R250 (1999); and 
Grouard and Clark, Curr. Opin. Immunol., 9(4):563-567 (1997)]. 

Immature DC express CD4 and CCR5, albeit at levels that are considerably lower 
than on T cells [GraneUi-Piperno et aL, J. Exp. Med., 184:2433-2438 (1996); Rubbert 
30 et aL, J. Immunol. , 160(8):3933-3941 (1998)], and they have been reported to be 
injectable with R5 strains of HTV-1. In contrast, immature DC do not express 
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CXCR4 and are resistant to infection with CXCR4-tropic isolates of HTV-1 [Granelli- 
Pipenio et al. f J. Virol, 72:2733-2737 (1998); Blauvelt et al., J. Clin. Invest., 
100:2043-2:053 (1997); and Weissman et al, Proc. Natl. Acad. Sci. U.S.A., 92:826- 
830 (1995)] . Entry of HIV-1 into immature DC has also been reported to proceed 

5 through a CD4-independent mechanism [Blauvelt et al, J. Clin. Invest., 100:2043- 
2053 (1997)], suggesting that receptors other than CD4 could be involved. There 
have been conflicting reports regarding the significance of HIV-1 replication within 
DC [Canque et al, Blood, 93(ll):3866-3875 (1999); Ayehunie et al, Blood, 
90(4):1379-1386 (1997); Cameron etal, J. Leukoc. Biol, 56(3):257-265 (1994)]. 

10 Although replication can be observed in some circumstances, it has also been reported 
that, in immature DC, replication is incomplete and that only early HIV-1 genes are 
transcribed. 

It has been proposed tKat virus-infected immature DC migrate to the draining lymph 

15 nodes where they initiate both a primary anti-viral immune response and a vigorous 
productive infection of T cells, allowing systemic distribution of HIV-1 [Cameron et 
al, Science, 257(5068):383-387 (1992); Weisman etal., Proc. Natl. Acad. Sci. USA., 
92:826-830' (1995)]. However, in a non-human primate model of mucosal infection 
with the simian immunodeficiency virus, it has been difficult to demonstrate 

20 productive infection of DC despite rapid dissemination of virus [Stahl-Henning et al. , 
Science, 285(5431):1261-1265 (1999)]. Other efforts to model primary HIV-1 
infection in vitro by exposing DC derived from skin or blood to HIV-1 have indicated 
that these cells are poorly infected. Nevertheless, only DC, and not other leukocytes 
including monocytes, macrophages, B cells and T cells were able to induce high levels 

25 of infection upon co-culture with mitogen-activated CD4 + T cells after being pulsed 
with HIV-1 [Cameron et al., Science, 257(5068):383-387 (1992); Granelli-Piperno et 
al., Curr. Biol, 9:21-29 (1999); Weissman et al, Proc. Natl. Acad. Sci. U.SA., 
92:826-830 (1995); Blauvelt et al.,J. Clin. Invest., 100:2043-2053 (1997); Cameron 
et al, J. Leukoc. Biol, 59(2):158-171 (1996)]. In an early study, Cameron et al. 

30 [Science, 257(5068):383-387 (1992)] proposed that DC have a unique ability to 
"catalyze" infection of T cells with HIV, but do not become infected themselves. 
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Therefore, there is a need to identify the protein or proteins involved in the mediation 
of HIV from the mucosal surfaces to the T cell areas of secondary lymphoid organs. 
Further, there is a need to design methods of identifying agents that will interfere with 
this mediation. 

5 

The citation of any reference herein should not be construed as an admission that such 
reference is available as "Prior Art" to the instant application. 

SUMMARY OF THE INVENTION 

10 

The present invention provides the missing link between viral breach of host mucosal 
defense and infection of T cells in the lymphatic organs by demonstrating that a 
membrane-bound receptor that is specifically expressed on dendritic cells, DC-SIGN, 
and which has the amino acid sequence of SEQ ID NO:2, facilitates infection of T 
15 lymphocytes by HIV. The present invention further provides new intervention 
strategies and novel approaches towards prevention, preventive vaccination and 
therapy against HIV infection based, at least in part, on this finding. 

The present invention therefore provides an antibody that is specific for an antigenic 
20 fragment of gpl20. In one embodiment the antigenic fragment is obtained from a 
portion of gpl20 that binds to DC-SIGN. In another embodiment the antigenic 
fragment is obtained from the portion of gpl20 that is exposed upon gpl20 binding of 
DC-SIGN due to the concomitant conformational change that occurs upon DC-SIGN 
binding gpl20. The present invention also provides antibodies to the portion of DC- 
25 SIGN that interacts with T cells and/or macrophages. In a preferred embodiment the 
antibody is specific for the DC-SIGN-gpl20 binding complex. The antibodies of the 
present invention preferably interfere with dendritic cells facilitating the trans- 
enhancement of HIV entry into T cells or macrophages. 

30 In a particular embodiment the antibody is a polyclonal antibody. In another 

embodiment the antibody is a monoclonal antibody. In still another embodiment the 
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antibody is a chimeric antibody. In one such embodiment the antibody is a humanized 
antibody. The present invention also provides immortal cell lines that produce the 
monoclonal-antibodies of the present invention. 

5 The present invention also provides vaccines and immunogenic compositions. Such 
vaccines and immunogenic compositions preferably comprise adjuvants. One such 
immunogenic composition comprises an adjuvant and an antigenic fragment obtained 
from a portion of gpl20 that binds to DC-SIGN. In another embodiment the 
immunogenic composition comprises an adjuvant and an antigenic fragment obtained 

10 frommeportionofgpl20matisexposedupongpl20bindingofDC-SIGNduetothe 

concomitant conformational change that occurs upon DC-SIGN binding gpl20. In yet 
another embodiment the immunogenic composition comprises an adjuvant and an 
. antigemcfragmentofDC-SIGNmatmteractswithTcellsand/ormacrophages. In 

still another embodiment the immunogenic composition comprises an adjuvant and 
15 the DC-SIGN-gpl20 binding complex or fragment thereof. 

The present invention further provides a soluble form of human DC-SIGN. The 
soluble form of human DC-SIGN can be used in drug assays or in a pharmaceutical 
composition further comprising a pharmaceutically acceptable carrier. 

20 

Jn addition, the present invention provides a mammalian cell that is transfected with a 
vector encoding human DC-SIGN. Preferably this cell can f acilitate the trans^ 
enhancement of HIV entry into a T cell or macrophage. More preferably, the cell 
lacks the translocation promoting agent and/or CD4 required for HIV entry. In a 
25 particular embodiment the mammalian cell is not a dendritic cell. In a preferred 
' embodiment the mammalian cell is a human cell. In particular embodiment, the cell 
is attached to a solid support matrix. 

The present invention further provides methods of filtering a biological fluid to 
30 remove a virus expressing an HIV envelope glycoprotein that binds DC-SIGN. In one 
embodiment the method comprises passing the biological fluid through a solid 
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support comprising DC-SIGN. A related embodiment comprises passing the 
biological fluid through a solid support comprising a mammalian cell that is 
transfected with a vector encoding human DC-SIGN. In another embodiment the 
biological fluid is contacted with a mammalian cell that is transfected with a vector 
5 encoding human DC-SIGN and then the cell is removed In still another embodiment 
the biological fluid is contacted with a dendritic cell and then the dendritic cell is 
removed 

The present invention further provides transgenic non-human mammals. In one 
10 embodiment the transgenic non-human mammal comprises DNA constructs encoding 
CD4, one or more translocation promoting agents, and DC-SIGN. Preferably the 
CD4, the translocation promoting agent(s), and the DC-SIGN are human proteins. In 
a preferred embodiment, the transgenic non-human mammal is capable of/susceptible 
to mucosal uptake of HIV, transport of the HIV to lymphatic organs and infection of a 
15 targetTcelland/ormacrophagebyHIV. More preferably the infection with HIV (or 
suitable vector analog) is gready enhanced relative to a transgenic non-human 
mammal that does not contain a DNA construct encoding DC-SIGN. In a preferred 
embodiment the transgenic non-human mammal further comprises a DNA construct 
encoding cyclin T (which is preferably human cyclin T). 

20 

In one embodiment the human translocation promoting agent is CCR3. In another 
embodiment the human translocation promoting agent is CXCR4. In yet another 
embodiment the human translocation promoting agent is CCR2b. In still another 
embodiment the human translocation promoting agent is Bob. In yet another 
25 embodiment the human translocation promoting agent is Bonzo. In a preferred 
embodiment the human translocation promoting agent is CCR5. 

The transgenic non-human mammal can be any mammal including a primate or 
rodent including rabbits, rats or monkeys and chimpanzees. In a preferred 
30 embodiment the transgenic non-human mammal is a mouse. 
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The present invention further provides methods of treating or preventing HTV 
infection by inhibiting dendritic cells from facilitating the trans-enhancement of HTV 
entry into a cell. One such embodiment comprises administering a humanized form 
of an antibody of the present invention to the subject Another embodiment 
comprises administering a soluble form of DC-SIGN of the present invention to the 
subject Yet another embodiment comprises administering a compound identified 
through an assay of the present invention to the subject. In a preferred embodiment, 
the cell for which the trans-enhancement of HIV entry is inhibited is a T cell or 
macrophage. 



10 



The present invention further provides methods of identifying a compound that 
interferes with the trans-enhancement of HTV entry into a cell. In one such 
embodiment, the compound interferes with viral capture. One such embodiment 
comprises contacting a first cell with a vector in the presence of a test compound. 

15 The vector comprises a viral envelope protein that binds DC-SIGN, whereas the first 
cell expresses DC-SIGN. A DC-SIGN-viral envelope protein complex forms between 
the first cell and the vector in the absence of the test compound and the effect of the 
test compound on the formation of the complex is thus being tested. The unbound 
vector is separated from the first cell (preferably so is the test compound) and the first 

20 cell is next contacted with a second cell. The second cell is susceptible to entry of 
vectors comprising the viral envelope protein. The amount of vector that has entered 
the second cell is determined. A test compound is identified as a compound that 
interferes with the trans-enhancement of HTV entry into a cell when the amount of . 
vector entry determined is less for the case when the test compound was present 

25 .during the incubation with the first cell and the vector, than when the test compound 
was absent 

In a particular embodiment removal of the unbound vector (and the test compound) 
from first cell comprises washing the unbound vector (and the test compound) away 
30 from the first cell. In a particular embodiment the second cell is a T cell or 

macrophage. In another embodiment the second cell expresses human CD4 and a 
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human translocation promoting agent. In one embodiment the human translocation 
promoting agent is CCR3. In another embodiment the human translocation promotmg 
agent is CXCR4. In yet another embodiment the human translocation promoting 
agent is CCR2b. In still another embodiment the human translocation promoting 
5 agent is Bob. In yet another embodiment the human translocation promoting agent is 
Bonzo. In a preferred embodiment the human translocation promoting agent is 
CCR5. 

In a particular embodiment the human translocation promoting agent is CCR5 and the 
10 viral envelope glycoprotein is JREL In another embodiment the vector contains a 
marker protein. In one such embodiment the amount of vector that has entered the 
second cell is determined by detecting the amount of marker protein expressed in the 
cell. In a particular embodiment the marker protein is luciferase. In another 
embodiment the marker protein is green fluorescent protein. The present invention 
15 further provides the compounds identified by these methods. 

The present invention also provides an assay for identifying an agent for use in the 
treatment or prevention of HIV infection using a transgenic non-human mammal of 
the present invention. One such method comprises administering a test compound to 

20 the transgenic non-human mammal and infecting the transgenic non-human mammal 
with a virus or viral vector having an HTV envelope glycoprotein. The ability of the 
transgenic non-human mammal to resist the infection is then determined or measured 
A test compound is identified as an agent for use in the treatment or prevention of 
HTV infection when the measured ability of the transgenic mammal to resist the 

25 infection is statistically greater in the presence of the test compound than in the 
absence of the test compound. Again the compounds identified by this method are 
also part of the present invention. 

The present invention further provides a method of identifying a compound that 
30 mterfereswimmetrans-enh^^ One such embodiment 

comprises 
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contacting a first cell, a vector and a second cell in the presence of a test compound. 
The vector comprises a viral envelope protein that binds DC-SIGN, the first cell 
expresses DC-SIGN, and a DC-SIGN-viral envelope protein complex forms between 
the first cell and the vector in the absence of the test compound. In addition, the 

5 second cell is susceptible to entry of vectors comprising the viral envelope protein. 
The amount of vector that has entered the second cell is then determined. A test 
compound is identified as a compound that interferes with the trans-enhancement of 
HIV entry into a cell when the amount of vector entry is less in the presence of the test 
compound than in its absence. In a particular embodiment the second cell is a T cell 

10 or macrophage. In another embodiment the second cell expresses human CD4 and a 
human translocation promoting agent. In one embodiment the human translocation 
promoting agent is CCR3. In another embodiment the human translocation promoting 
agent is CXCR4. In yet another embodiment the human translocation promoting 
agent is CCR2b. In still another embodiment the human translocation promoting 

15 agent is Bob. In yet another embodiment the human translocation promoting agent is 
Bonzo. Li a preferred embodiment the human translocation promoting agent is 
CCR5. 

In a particular embodiment the human translocation promoting agent is CCR5 and the 
20 viral envelope glycoprotein is JRFL. In another embodiment the vector contains a 
marker protein. In one such embodiment the amount of vector that has entered the 
second cell is determined by detecting the amount of marker protein expressed in the 
cell. In a particular embodiment the marker protein is luciferase. In another 
embodiment the marker protein is green fluorescent protein. The present invention 
25 further provides the compounds identified by these methods. 

Accordingly, it is a principal object of the present invention to provide compounds 
that can be used in the treatment of AIDS. 



30 



It is a further object of the present invention to provide assays for identifying new 
compounds in the treatment of HIV infection. 
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Itisafurther object of . 
SIGN. 

It is a further object of the present invention to generate a soluble form of DC-SIGN 
5 that inhibits trans-enhancement of ffiV entry into T cells that is f acilitated by DC- 
SIGN. 

Itisafurther object of the present invention to identify DC-SIGN polymorphisms that 
do enable dendritic cells to f acilitate trans-enhancement of HIV entry in T cells. 

10 

!t is a further object of the present invention to provide methods of identifying drugs 
that can treat HIV infection. 

It is a further object of the present invention to provide methods for making a 
15 transgenic animal model for AIDS. 

It is a further object of the present invention to provide a vaccine to prevent or retard 
the onset of AIDS. 

20 These and other aspects of the present invention will be better appreciated by 
reference to the following drawings and Detailed Description. 

•ppnTB nPsrPTPTION ™* ™ ntt AWINGS 

25 Figures 1A-1D show that DC-SIGN is a dendritic cell (DC) specific receptor for 
HIV-1 gpl20. Figure 1A shows that DC-SIGN is expressed specifically by DC 
immature DC, cultured from monocytes in the presence of GM-CSF and 1L-4, express 
high levels of DC-SIGN, whereas resting peripheral blood lymphocytes or monocytes 
do not express DC-SIGN. Expression of DC-SIGN (AZN-D1) was determinedby 

30 FACScan analysis. One representative experiment out of 3 is shown. Figure IB 
shows that DC-SIGN, but not CD4,mediates binding of HIV-1 gpl20toDC. DC 



PCTAJSOl/06322 

WO 01/64752 

12 

w e rc a 1 lo»ed.o to dHIV- 1 gpl20-coa tt dfluore S oe„«taaa S . Adhesion « blocked 
by aoo-DC-SIGN antibodiee (20 pgtol), -» P*** > - "» < 5mM) 
„o, by neutralising an«i^D4 antibodies (20 hM One representative expenmen. 
^UshowmFtgureUC-lDshowmmumm DC (Fig. ID) express .ow teveU of 

5 CD4 (RPA-T4) and CCR5 (2D7/CCR5) and high levels of DC-SIGN (AZN-D1). 
^^ceUss.ablyBsnsfeo.edwi.hDC.SICMCIW-DC-SIGN.F.g.raexpresshigb 

levels of DC-SIGN (AZN-D1) while CD4 and CCR5 are not expressed (filled 
histograms). Antibodies against CD4 andDC-SION were isotype matched and the 
appropriate^ controls are represent by dotted lines. Figure IE shows 
10 DC-SIGNrransfec^uCfflP-DC-SKWbindHV-lgP^O. THP-DC-S1GN and 
m ock transfectants were allowed to bind HTV-lgp.20 coated flnorescen, b.ads 
Adhesion was blocked by anti-DC-SIGN antibodies (20 ug/ml) and EGTA (5mM) 
and not by neutralizing a»u-CD4 (RPA-T4) antibodies (20 pgftnl). One 
representative experiment out of 3 is shown. 

Hgtnea2A-2CshowthatrX:.SlGNmeriiate S HIV.linfecUoninaDC-TceU 
co-culture. Figure 2A shows Ota, antibodies against DC-SIGN inhibit HTV-1 infection 
as measured in a DC-T cell co-culture. DC (50x10 s ) were pre-incubated for 20 tntn a. 
ro o m temperan ro wi.hb,cckingmAba E nin 8 tCD4( R PA-T4)orDC-SIGN(AZN-Dl 

20 andAZN-D2)(20,g/ml)orwiu 1 aco m btaarionofCX^-speciflcchemokme S 

(CCR5 ttio: RANTES, MIF-la and MIPlp; 500 ngtal). Pre-incabated immatum DC 
vrere pulsed for 2 hours with HTV-1 (M-tropic HIV- W strain) and unbound vim 
parfdea and mAb were washed away. Subseqtrentty, DC were columned wtttr 
activated PBMC (SOxW) for 9 days. Co-cutare supernatant* were collected and P 24 

25 antigen levels were measured by EUSA One representative experiment of 2 ta 

shown. Frgrue 2B shows me inhibition of HTV-1 infection in .DC-T cell co-cultnre 
by blocldngDC-SIGN, CD4 and CCR5. HTV-1 replication in the DC-T cell 
coitus* at daySof me experiment is described in Figure 5 A. The results of da,5 
aI e re pmsenmtiv.forday6,7and9ofDC-Tcelleo < ul t ure. DCwerealao 

30 pre-mcubaredwithmAb against DC-SIGN togedrer wim m ti-CD4 and CCR5 specific 
chemokines. P 24 values repcesen, mean ± SD of ttiplrcate culttuea. One representative 
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experiment out of 2 is shown. Figure 2C shows the DC-SIGN interactions with 
ICAM-3 are not involved in the transmission of DC-bound-HTV-1 to T cells. DC 
(50x10*) were pulsed for 2 hours with fflV-1 (M-tropic HTV-1^ strain), washed and 
co-cultured with activated PBMC (50xl0 3 ) for 9 days in the presence of the CCR5 
5 specific chemokines (CCR5 trio: RANTES, MlP-la and MEPIP; 500 ng/ml) or mAb 
against CD4 (RPA-T4) and DC-SIGN (AZN-D1 and AZN-D2) (20 ug/ml). 
Antibodies were added post HIV-linfection of DC, prior to the addition of PBMC. 
One representative experiment out of 2 is shown. 

10 Figures 3A-3B show that DC-SIGN expressed on target cells does not mediate HIV-1 
entry. Figure 3 A shows the results from 293T cells that were transfected with 
DC-SIGN or CD4 and CCR5 and pulsed for 2 hour with HIV-1 (CCR5-tropic 
HIV-l Ba . L strain). Subsequently, cells were cultured for 9 days. Supernatants were 
collected and p24 antigen levels were measured by ELISA. One representative 

15 experiment of 2 is shown. Figure 3B shows the results from 293T cells and 293T 
cells stably expressing either CD4, CCR5 or CD4 and CCR5 that were transiently 
transfected with DC-SIGN and subsequently infected with pseudotyped CCR5-tropic 
HIV-Ua virus in the presence of polybrene (20 ug/ml). Luciferase activity was 
evaluated after 2 days. One representative experiment out of 3 is shown. 

20 

Figures 4A-4C show that DC-SIGN captures HIV-1 that retains infectivity for CD4T 
cells. Figure 4A shows that DC-SIGN captures HIV-1 and facilitates infection of 
HIV-1 permissive cells in trans. THP-1 transfectants (lOOxlO 3 ) were pre-incubated 
for 20 min at room temperature with blocking mAb against DC-SIGN (AZN-D 1 and 

25 AZN-D2; 20 ug/ml). The THP-DC-SIGN cells were infected with HTV-luciferase 
virus pseudotyped with R5 strain fflV-1^ Env. Alternatively activated T cells were 
infected with pseudotyped HIV-1 ^ virus. After 2 hours at 37 °C the infected cells 
were extensively washed and added to either 293T-CD4-CCR5 cells or activated 
primary T cells (lOOxlO 3 ). HTV-1 infection was determined after 2 days by measuring 

30 the luciferase activity. One representative experiment out of 3 is shown. Figure 4B 
shows that DC-SIGN is able to mediate capture of HTV-1 viruses pseudotyped with 
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M-tropic HTV-1 envelopes &om different primary isolates. DC-SIGN mediated 
capture was performed as described in Fig. 4A on 293T-CD4-CCR5 cells with 
HTV-luciferase viruses pseudotyped with the CCR5-specific HTV-1 envelopes from 
JRFL, JRCSF and from primary viruses 92US715.6, 92BR020.4 and 93TH966.8. 

5 One representative experiment out of 2 is shown. Figure 4C shows that activated T 
cells are infected by fflV-1 in the T ceMHP-DC-SIGN co-culture. THP-DC-SIGN 
cells were incubated with HTV-eGFP viruses pseudotyed with M-tropic HTV-W and 
subsequently co-cultured with activated T cells. The CD3-negative THP-DC-SIGN 
cells were not infected by HTV-1 whereas the CD3-positive T cells were infected T 

10 cells, gated by staining for CD3 (tricolor), were positive for GFP, whereas 

CD3-negative THP-DC-SIGN that initially captured HTV-GFP did not express GFP. 
One representative experiment out of 2 is shown. 

Figure 5 A-5B show that DC-SIGN enhances HTV-l infection of T cells by acting in 
15 trans. At a low virus load, DC-SIGN in trans is crucial for the infection of HTV-1 
permissive cells. THP-1 transfectants (lOOxlO 3 ) were pre-incubated for 20 min at 
room temperature with blocking mAb against DC-SIGN (AZN-D1 and AZN-D2; 20 
ug/ml). The THP-1 were infected by low amounts of pseudotyped HTV-1 ^ virus 
(Fig. 5 A) or other R5 isolates of HTV-1 (5B), i.e. at the threshold of detection in a 
20 single round infection assay. After 1 hour at 37 °C the cell/virus suspension was 
directly added to either 293T-CD4-CCR5 or activated T cells (100xl0 3 ). The 
infectivity was determined after 2 days by measuring the luciferase activity. One 
representative experiment out of 2 is shown. 

25 Figures 6A-61 show that DC-SIGN is expressed on DC present in mucosal tissue that 
do not express CCR5. Immunohistochemical analysis of DC-SIGN expression on 
mucosal tissue sections. Rgure 6A-6C show different tissue sections that were 
stained with anti-DC-SIGN mAb: cervix (Fig. 6A) rectum (Fig. 6B) and uterus (Fig. 
6C) (original magnification: 200x). All mucosal tissues contain DC-SIGN positive 

30 cells in the lamina propria. Staining of serial sections demonstrate that these 

DC-SIGN positive cells do not express CD3, CD20, CD14 and CD68. Figure 6D-6T 
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show the immunohistochemical staining of serial sections of rectum (Fig. 6D-6F) and 
uterus (Fig. 6G-6I) with antibodies against DC-SIGN (Fig. 6A and 6D), CD4 (Fig. 6B 
and 6E) or CCR5 (Fig. 6C and 6F). 

5 Figures 7A-7C show that DC-SIGN captures HIV-1 and retains long-term infectivity 
Figure 7A shows the time course of HTV-W gpl20 binding to THP-DC-SIGN. 
DC-SIGN positive cells were incubated with gpl20 coated beads. Beads bound for 
more than 60 hrs as determined by FACScan analysis. Figure 7B shows that 
DC-SIGN binds HIV-1 and retains for more than four days virus that infects T cells in 
10 trans. THP/THP-SIGN cells were pulsed for 4 hours with HIV-1 pseudotyped virus in 
the presence or absence of anti-DC-SIGN antibodies (AZN-D1 and AZN-D2, 20 
ug/ml). After washing the HIV-1 pulsed cells were cultured at 37'C for several days. 
As a control identical amounts of virus were incubated at 37 6 C in medium without 
cells. Every day aliquots of the HIV-1 pulsed cells were added to HTV-1 permissive 
15 293T-CD4-CCR5 cells in order to measure infectivity. Lysates to examine luciferase 
activity were obtained after 2 days of co-culture. Figure 7C depicts amodel of HIV-1 
co-opting DC-SIGN as a ^-receptor after initial exposure. DC are the primary 
cells targeted by HIV-1 during mucosal exposure and are DC-SIGN-positive. HTV-1 
adheres to DC-SIGN via a high affinity interaction, and the immature DC carrying 
20 HIV-1 migrates to the lymphoid tissues. Upon arrival, DC will cluster with T cells 
and DC-SIGN enhances HIV-1 infection of T cells in trans leading to a productive 
and sustained infection. 



25 



30 



Figure 8 shows that DC-SIGN mediates capture of SW andR5, X4, and dual tropic 
HIV. Viruses encoding the reporter gene luciferase were pseudotyped with envelopes 
from the CCR5 tropic strains JRFL, ADA, and JRCSF; the CXR4 tropic strains HxB2 
and LAI; the dual tropic strain 89.6; and SW 1A11.THP or THP-DCSIGN cells were 
pulsed with these viruses, washed, and then added to target cells. Luciferase activity 

was measured as an indicator of viral infection of targets. 
( 
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Figure 9 shows that DC-SIGN mediates capture of HIV pseudotyped with envelopes 
from primary viral strains. (See Figure 8 for assay conditions; the same assay was 
performed except different viruses were examined) 

5 Figure 10 shows the enhancement of CXR4 tropic HTV infection of activated T cells. 
THP, THP-DCSIGN cells, DC (dendritic cells), or DC preincubated with anti 
DCSIGN antibody, were incubated with HxB2 pseudotyped virus encoding the 
luciferase reporter gene, followed by addition of activated T cell targets. 

10 Figure 1 1 shows the enhancement of CXR4 tropic HIV infection of unactivated T 
cells. (See Figure 10 for assay conditions; the same assay was performed except 
unactivated T cells were examined). 

Figure 12 shows that binding to DC-SIGN extends the longevity of HxB2. THP or 
15 THP-DCSIGN cells were pulsed with HxB2, washed, and then added to target cells at 
different time points as indicated following the viral pulse. "HxB2 capture virus" 
refers to virus in medium alone. 

Figures 13A-13B show the protease protection of HTV pseudotyped particles. Figure 
20 13A shows the results of THP DC-SIGN cells that were incubated on ice with 

pseudotyped nonreplication completent HIV JRFL particles containing the luciferase 
reporter gene, Cells were then washed twice and half the cells were shifted to 37°C 
for 20 minutes to allow internalization, while the remaining half were maintained on 
ice. The cells were then returned to ice and incubated with pseudotyped HIV JRFL 
25 encoding the reporter GFP. After washing, the cells were either treated with trypsin or 
mock treated and then incubated with 293T.CD4.CCR5 target cells. Infection by both 
HTV luciferase and HIV GFP particles was determined 48 hours post infection. Figure 
13B is the same as Figure 13A except the HIV particles were bound to human blood- 
derived DC. 

30 
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Figures 14A-14B show 

HTC Stained cells were then shifted to 37°C and aliquots were taken at the indxcated 
toes For each time point, cells were treated with trypsin or mock treated. Cells 
5 W erethenstainedforsurf^^ 

Rguxe 14B shows aplot of the fraction of HIV gpl20-FITC protected from trypsin 
treatment over time. HIV gpl20-FTTC bound to THP DC-SIGN cells that were fixed 
with paraformaldehyde prior to staining did not show protection from trypsin 
10 treatment 

Figures 15A-15B is a bar graph depicting the recycling of transferrin and HIV by THP 
DC-SIGN cells. In figure 15A THP DC-SIGN cells were incubated with transfemn 
on ice, washed, and then shifted to 37°C for 1 hour. Cells were then acid-stripped of 
15 anyremainingsurfacetransferrinandplacedinmedium. At the times indicated, 

aliquots of the supernatant were taken and assayed for released transferrin by ELISA. 
After 5 hours, the amount of transferrin remaining associated with cells was assayed 
by pelleting the cells, lysing, and measuring transferrin by ELISA. In Figure 15B THP 
DC-SIGN cells were incubated with HIV particles on ice and treated in the same way 
20 as in the transferrin experiment. Released HIV was measured using a p24 ELISA. 

Figures 16A-16B show the internalization of HIV particles imaged by fluorescent 
confocal microscopy. HTV MN particles were bound to THP DC-SIGN cells on ice 
and free virus was washed away. Bound particles were detected using a polyclonal 
25 human serum against HTV followed by an anti-human secondary antibody conjugated 
to Cy3. In Figure 16A cells were assayed immediately after staining or followmg a 4 
hour incubation at 37°C. In Figure 16B HIV was allowed to internalize for 1 hour at 
3TC. Cells were then fixed, permeabilized, and stained with a FITC conjugated 
antibody against human LAMP-1, a lysosomal marker. 



30 
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TVFTATT FT) DESCR IPTION OF TH R INVENTION 

The present invention provides the properties of a dendritic cell-specific C-type lectin, 
DC-SIGN, that is highly expressed on dendritic cells (DC) present in mucosal tissues 

5 and binds to the HTV-1 envelope glycoprotein gpl20. DC-SIGN does not function as 
a receptor for viral entry into DC, but instead promotes efficient infection in trans of 
cells that express CD4 and chemokine receptors. Indeed, DC-SIGN, which is highly 
expressed on DC present at mucosal sites, specifically captures HTV-1 and promotes 
infection in trans of target cells that express CD4 and an appropriate chemokine 

10 receptors). These findings demonstrate that during transmission of HTV-1 , the virus 
initially binds to mucosal DC by way of DC-SIGN, allowing subsequent transport to 
secondary lymphoid organs and highly efficient infection of CD4 + T cells by a novel 
trans infection mechanism. 

15 These results predict a model in which DC-SIGN efficiently captures HTV-1 in the 
periphery, facilitates its transport to sites in secondary lymphoid organs rich in T cells, 
and enhances infection in trans of these target cells. These studies indicate that the 
interaction'between DC-SIGN and gpl20 is an important target for therapeutic 
intervention and vaccine development 

20 

The present invention therefore provides a greater understanding of the mechanism 
through which HTV and STV gain entrance into target cells. It has been known that the 
virus binds to CD4 with the aid of a chemokine receptor (such as CCR5 or CXCR4) 
and that cyclin T is involved. Now, with the present disclosure it is possible to 

25 describe the biochemical events involved from the initial contact of the virus with the 
peripheral mucosal tissues through to the initiation of fusion between the viral 
envelope and the cellular plasma membrane. This, in turn, allows the construction of 
drug screening assays to identify compounds that can interfere with these processes 
and thereby prevent or treat AIDS. These findings also now allow the development of 

30 small animal models for HTV infection, thus providing a better understanding of the 
pathogenesis of AIDS as well as a system for testing potential therapies. Indeed, such 
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animal models, which heretofore have not been available, allow testing of drugs in an 
animal system prior to human trials. 

The inhibition of HIV-1 infection observed in the presence of anti-DC-SIGN 
5 antibodies indicates that interfering with the gpl20-DC-SIGN interaction either during 
the capture phase of DC in the mucosa or during DC-T cell interactions in lymphoid 
organs could inhibit dissemination of the virus. Small molecule inhibitors, potentially 
carbohydrate-based, that block the ability of gpl20 to bind to DC-SIGN may be 
effective in prophylaxis or therapeutic intervention. Vaccine strategies aimed at 

10 eliciting mucosal antibodies that inhibit gpl20 binding to DC-SIGN may also be 
efficacious in preventing early establishment of infection. The efficacy of gpl20 
vaccines has been measured as a function of the levels of neutralizing antibodies that 
inhibit HIV entry through CD4 and CCR5. The present results indicate that levels of 
antibodies that block virus binding to DC-SIGN or the DC-SIGN-mediated 

15 enhancement of infection could also be predictive of protection. 

Furthermore, based on the data disclosed in Example 2, it appears that HTV interaction 
with DC-SIGN results in the uptake of HIV into a specialized endosomal 
compartment, where the virus can be protected from enzymatic inactivation. In 

20 addition, the viral envelope glycoprotein appears to undergo a conformational change 
in this recycling endosomal compartment, that enhances the fusogenic activity of HIV. 
This may be a consequence of an irreversible pH-induced conformational change, for 
which there are precedents in influenza and avian leukosis virus; or of interactions 
with other molecules within the recycling endosomes. These results could also 

25 explain why HTV exposed to DC-SIGN-expressing cells is more infectious than the 
HTV exposed to control cells. Because dendritic cells (and TOP cells) cannot be 
readily infected by way of CD4 plus chemokine receptor, the enhanced fusogenic 
activity of the virus would be demonstrated in trans (on target T cells), after it is 
recycled to the surface of the DC-SIGN-expressing dendritic cell. 

30 



WO 01/64752 



PCT/US01/06322 



20 

Therefore, the present invention provides compounds that interfere with 
internalization of HIV after binding to DC-SIGN (DCS) on dendritic cells and other 
cells. Compounds that inhibit of this internalization process reduce the ability of virus 
to survive the host environment, and thereby can act as a prophalactic against HIV 
5 infection and are included in the present invention. 

Various terms are used in the specification, which are defined as follows: 

The term "translocation promoting agent" is used herein interchangeably with the 
10 terms "translocating promoter", "translocating promoting agent" and "translocating 
promoting protein", and refer to receptor proteins found on, or in membranes of CD4 + 
cells that interact with and/or in conjunction in "cis" with CD4 (the human protein 
having the amino acid sequence of SEQ ID NO:3) in HIV and/or SIV translocation 
into the cell. Two translocation promoting agents exemplified in the present invention 
are CXCR4 (the human protein having the amino acid sequence of SEQ ID NO:4) and 
CCR5 (the human protein having the amino acid sequence of SEQ ID NO:5). There 
are at least six "known" members of the chemokine receptor family that have been 
shown to function in HTV-1 entry in cis with CD4 (i.e., known human translocation 
promoting agents) CCR5, CXCR4, CCR2b, CCR3, Bonzo (SEQ ID NO:9) and BOB 
(SEQ ID NO: 10). 

As used herein the term "conformer" is used interchangeably with the term 
"conformer of HIV envelope glycoprotein** and is a HTV glycoprotein (e.g., gpl20- 
gp41) that has assumed a novel conformation and/or related characteristic (e.g., 
charge) due to direct interaction with DC-SIGN, and/or as a consequence of being 
endocytosed into an endosome, and/or as a consequence of being placed into an 
environment that mimics the effect of an endosome on the HIV glycoprotein. 

As used herein a factor that acts with a second factor to aid in the entry of HTV into a 
cell is said to act in "cis" when the factor is in the same membrane as the other factor, 
whereas a factor that acts with a second factor to aid in the entry of HTV into a cell is 
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said to act in 4 trans" when the factor is in a different membrane than the other factor. 
Thus CD4 and CCR5 are both present in the T cell membrane and act in "cis'\ 
whereas DC-SIGN is present in the dendritic cell membrane and therefore acts in 
"trans" relative to either CD4 or CCR5. 

5 

As used herein, and unless otherwise specified, the terms "agent", "potential drug", 
"compound", "test compound" or "potential compound" are used interchangeably, 
and refer to chemicals which potentially have a use as an inhibitor of HIV infection 
and/or for use in a treatment/prevention of AIDS. Therefore, such "agents", "potential 
10 drugs", "compounds" and "potential compounds" may be used, as described herein, in 
drug assays and drug screens and the like. 

As used herein a "small organic molecule" is an organic compound, including a 
peptide [or organic compound complexed with an inorganic compound (e.g., metal)] 
15 that has a molecular weight of less than 3 Kilodaltons. Such small organic molecules 
can be included as agents, etc. as defined above. 

A molecule is "antigenic" when it is capable of specifically interacting with an antigen 
recognition molecule of the immune system, such as an immunoglobulin (antibody) or 

20 T cell antigen receptor. An antigenic polypeptide contains at least about 5, and 

preferably at least about 10, amino acids. An antigenic portion of a molecule can be 
that portion that is immunodominant for antibody or T cell receptor recognition, or it 
can be a portion used to generate an antibody to the molecule by conjugating the 
antigenic portion to a canier molecule for immunization. A molecule that is antigenic 

25 need not be itself immunogenic, Le„ capable of eliciting an immune response without 
a canier. 

A composition comprising "A" (where "A" is a single protein, DNA molecule, vector, 
recombinant host cell, etc.) is substantially free of "B" (where "B" comprises one or 
30 more contaminating proteins, DNA molecules, vectors, etc.) when at least about 75% 
by weight of the proteins, DNA, vectors (depending on the category of species to 



WO 01/64752 



PCT/US01/06322 



22 

which A and B belong) in the composition is "A". Preferably, "A" comprises at least 
about 90% by weight of the A+B species in the composition, most preferably at least 
about 99% by weight. It is also preferred that a composition, which is substantially 
free of contamination, contain only a single molecular weight species having the 
5 activity or characteristic of the species of interest. 

The phrase "pharmaceutically acceptable" refers to molecular entities and 
compositions that are physiologically tolerable and do not typically produce an 
allergic or similar untoward reaction, such as gastric upset, dizziness and the like, 

10 when administered to a human. Preferably, as used herein, the term "pharmaceutically 
acceptable" means approved by a regulatory agency of the Federal or a state 
government or listed in the U.S. Pharmacopeia or other generally recognized 
pharmacopeia for use in animals, and more particularly in humans. The term "carrier" 
refers to a diluent, adjuvant, excipient, or vehicle with which the compound is 

15 administered. Such pharmaceutical carriers can be sterile liquids, such as water and 
oils, including those of petroleum, animal, vegetable or synthetic origin, such as 
peanut oil, soybean oil, mineral oil, sesame oil and the like. Water or aqueous 
solution saline solutions and aqueous dextrose and glycerol solutions are preferably 
employed as carriers, particularly for injectable solutions. Suitable pharmaceutical 

20 carriers are described in "Remington's Pharmaceutical Sciences" by E.W. Martin. 

The phrase "therapeutically effective amount" is used herein to mean an amount 
sufficient to reduce by at least about 15 percent, preferably by at least 50 percent, 
more preferably by at least 90 percent, and most preferably prevent, a clinically 
25 significant deficit in the activity, function and response of the host. Alternatively, a 
therapeutically effective amount is sufficient to cause an improvement in a clinically 
significant condition in the host. 



30 



In a specific embodiment, the term "about" means within 20%, preferably within 10%, 
and more preferably within 5%. 
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Nucleic Acids and Proteins 
The present invention contemplates the use of the nucleic acids encoding DC-SIGN 
(e.g., encoding the human protein having the amino acid sequence of SEQ ID NO:2) 
and encoding fragments thereof including chimeric/fusion proteins. In a preferred 
5 embodiment the nucleic acid encodes a soluble form/portion of DC-SIGN. Similarly, 
the present invention also contemplates the use of the nucleic acids encoding the 
translocating promoters, cyclin T (e.g., encoding the human protein having the amino 
acid sequence of SEQ ID NO:6) and CD4. These nucleic acids can be used for 
example, to make transgenic animals that contain the human homologs of such 
10 proteins, thereby making a transgenic animal susceptible to HIV infection. The use of 
the proteins, fragments thereof including chimeric/fusion proteins are also part of the 
present invention. 

In accordance with the present invention there may be employed conventional 
15 molecular biology, microbiology, and recombinant DNA techniques within the skill of 
the art. Such techniques are explained fully in the literature. See, e.g., Sambrook, 
Fritsch & Maniatis, Molecular Cloning: A Laboratory Manual, Second Edition 
(1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York (herein 
"Sambrook et al., 1989"); DNA Cloning: A Practical Approach, Volumes I and II 
20 (D.N. Glover ed. 1985); Oligonucleotide Synthesis (M J. Gait ed. 1984); Nucleic Acid 
Hybridization [BD. Hames & SJ. Higgins eds. (1985)]; Transcription And 
Translation [BD. Hames & SJ. Higgins, eds. (1984)]; Animal Cell Culture [R.I. 
Freshney, ed. (1986)]; Immobilized Cells And Enzymes \JKL Press, (1986)]; B. Perbal, 
A Practical Guide To Molecular Cloning (1984); F.M. Ausubel et al. (eds.), Current 
25 Protocols in Molecular Biology, John Wiley & Sons, Inc. (1994). 

Therefore, if appearing herein, the following terms shall have the definitions set out 
below. 

30 A "vector" is a replicon, such as plasmid, phage, virus, or cosmid, to which another 
DNA segment may be attached so as to bring about the replication of the attached 
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segment. A "replicon" is any genetic element {e.g., plasmid, chromosome, virus) that 
functions as an autonomous unit of DNA replication in vivo, i.e., capable of 
replication under its own control. 

5 A cell has been "transfected" by exogenous or heterologous DNA when such DNA 
has been introduced inside the cell. A cell has been "transformed" by exogenous or 
heterologous DNA when the transfected DNA effects a phenotypic change. 
Preferably, the transforming DNA should be integrated (covalently linked) into 
chromosomal DNA making up the genome of the cell. 

10 

"Heterologous" DNA refers to DNA not naturally located in the cell, or in a 
chromosomal site of the cell. Preferably, the heterologous DNA includes a gene 
foreign to the cell. 

15 A "nucleic acid molecule" refers to the phosphate ester polymeric form of 

ribonucleosides (adenosine, guanosine, uridine or cytidine; "RNA molecules") or 
deoxyriboriucleosides (deoxyadenosine, deoxyguanosine, deoxythymidine, or 
deoxycytidine; "DNA molecules"), or any phosphoester analogs thereof, such as 
phosphorothioates and thioesters, in either single stranded form, or a double-stranded 

20 helix. Double stranded DNA-DNA, DNA-RNA and RNA-RNA helices are possible. 
The term nucleic acid molecule, and in particular DNA or RNA molecule, refers only 
to the primary and secondary structure of the molecule, and does not limit it to any 
particular tertiary forms. Thus, this term includes double-stranded DNA found, inter 
alia, in linear or circular DNA molecules (e.g., restriction fragments), plasmids, and 

25 chromosomes. In discussing the structure of particular double-stranded DNA 

molecules, sequences may be described herein according to the normal convention of 
giving only the sequence in the 5' to 3' direction along the nontranscribed strand of 
DNA (i.e. 9 the strand having a sequence homologous to the mRNA). A "recombinant 
DNA molecule" is a DNA molecule that has undergone a molecular biological 

30 manipulation. 
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A nucleic acid molecule is "hybridizable" to another nucleic acid molecule, such as a 
cDNA, genomic DNA, or RNA, when a single stranded form of the nucleic acid 
molecule can anneal to the other nucleic acid molecule under the appropriate 
conditions of temperature and solution ionic strength (see Sambrook et al., supra). 
5 The conditions of temperature and ionic strength determine the "stringency" of the 
hybridization. For preliminary screening for homologous nucleic acids, low 
stringency hybridization conditions, corresponding to a T m of 55 °, can be used, e.g., 
5x SSC, 0.1% SDS, 0.25% milk, and no formamide; or 30% formamide, 5x SSC, 
0.5% SDS). Moderate stringency hybridization conditions correspond to a higher T m , 
10 e.g., 40% formamide, with 5x or 6x SCC. High stringency hybridization conditions 
correspond to the highest T m , e.g. , 50% formamide, 5x or 6x SCC. Hybridization 
requires that the two nucleic acids contain complementary sequences, although 
depending on the stringency of the hybridization, mismatches between bases are 
possible. The appropriate stringency for hybridizing nucleic acids depends on the 
15 length of the nucleic acids and the degree of complementation, variables weU known 
in the art. The greater the degree of similarity or homology between two nucleotide 
sequences, the greater the value of T m for hybrids of nucleic acids having those 
sequences. The relative stability (corresponding to higher TJ of nucleic acid 
hybridizations decreases in the following order: RNA:RNA, DNA:RNA, DNA:DNA. 
20 For hybrids of greater than 100 nucleotides in length, equations for calculating T m 
have been derived (see Sambrook et al., supra, 9.50-10.51). For hybridization with 
shorter nucleic acids, i.e. 7 oligonucleotides, the position of mismatches becomes more 
important, and the length of the oligonucleotide determines its specificity (see 
Sambrook et al., supra, 11.7-11.8). Preferably a minimum length for a hybridizable 
25 nucleic acid is at least about 18 nucleotides; preferably at least about 36 nucleotides; 
and more preferably the length is at least about 48 nucleotides. Such nucleic acids can 
be used as primers or nucleic acid probes for the nucleic acids encoding the 
translocation promoting agents of the present invention. 

30 In a specific embodiment, the term "standard hybridization conditions" refers to a T m 
of 55 °C, and utilizes conditions as set forth above. In a preferred embodiment, the T m 
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is 60° C; in a more preferred embodiment, the T m is 65 °C. 

"Homologous recombination" as used herein refers to one method of inserting a 
foreign DNA sequence of a vector into chromosome. The vector targets a specific 
5 chromosomal site for homologous recombination. For specific homologous 
recombination, the vector will contain sufficiently long regions of homology to 
sequences of the chromosome to allow complementary binding and incorporation of 
the vector into the chromosome. Longer regions of homology, and greater degrees of 
sequence similarity, may increase the efficiency of homologous recombination. 

10 

A DNA "coding sequence" is a double-stranded DNA sequence which is transcribed 
and translated into a polypeptide in a cell in vitro or in vivo when placed under the 
control of appropriate regulatory sequences. The boundaries of the coding sequence 
are determined by a start codon at the 5' (amino) terminus and a translation stop 

15 codon at the 3' (carboxyl) terminus. A coding sequence can include, but is not limited 
to, prokaryotic sequences, cDNA from eukaryotic mRNA, genomic DNA sequences 
from eukaryotic {e.g., mammalian) DNA, and even synthetic DNA sequences. If the 
coding sequence is intended for expression in a eukaryotic cell, a polyadenylation 
signal and transcription termination sequence will usually be located 3' to the coding 

20 sequence. 

Transcriptional and translational control sequences are DNA regulatory sequences, 
such as promoters, enhancers, terminators, and the like, that provide for the expression 
of a coding sequence in a host cell. In eukaryotic cells, polyadenylation signals are 
25 control sequences. 

A "promoter sequence" is a DNA regulatory region capable of binding RNA 
polymerase in a cell and initiating transcription of a downstream (3' direction) coding 
sequence. For purposes of defining the present invention, the promoter sequence is 
30 bounded at its 3' terminus by the transcription initiation site and extends upstream (5' 
direction) to include the minimum number of bases or elements necessary to initiate 
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transcription at levels detectable above background. Within the promoter sequence 
will be found a transcription initiation site (conveniently defined for example, by 
mapping with nuclease SI), as well as protein binding domains (consensus sequences) 
responsible for the binding of RNA polymerase. 

5 

A coding sequence is "under the control" of transcriptional and translational control 
sequences in a cell when RNA polymerase transcribes the coding sequence into 
mRNA, which is then trans-RNA spliced and translated into the protein encoded by 
the coding sequence. 

10 

A "signal sequence" is included at the beginning of the coding sequence of a protein to 
be secreted or expressed on the surface of a cell. This sequence encodes a signal 
peptide, N-terminal to the mature polypeptide, that directs the host cell to translocate 
the polypeptide. The term "translocation signal sequence" is used herein to refer to 
15 this sort of signal sequence. Translocation signal sequences can be found associated 
with a variety of proteins native to eukaiyotes and prokaryotes, and are often 
functional in both types of organisms. 

As used herein, the term "sequence homology" in all its grammatical forms refers to 
20 the relationship between proteins that possess a "common evolutionary origin," 
including proteins from superfamilies (e.g., the immunoglobulin superfamily) and 
homologous proteins from different species (e.g., myosin light chain, etc.) (Reeck et 
aL, 1987, Cell 50:667). 

25 A heterologous nucleotide sequence" as used herein is a nucleotide sequence that is 
added to the nucleotide sequence of a nucleic acid of the present invention by 
recombinant methods to form a nucleic acid which is not naturally formed in nature. 
Such nucleic acids can encode fusion (e.g. chimeric) proteins. Thus the heterologous 
nucleotide sequence can encode peptides and/or proteins which contain regulatory 

30 and/or structural properties. In another such embodiment the heterologous nucleotide 
sequence can encode a protein or peptide that functions as a means of detecting the 
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protein or peptide encoded by the nucleotide sequence of the present invention after 
the recombinant nucleic acid is expressed. In still another embodiment the 
heterologous nucleotide sequence can function as a means of detecting a nucleotide 
sequence of the present invention. A heterologous nucleotide sequence can comprise 
5 non-coding sequences including restriction sites, regulatory sites, promoters and the 
like. 

As used herein the terms 'fusion protein" and "fusion peptide" are used 
interchangeably and encompass "chimeric proteins and/or chimerip peptides" and 

10 fusion "intein proteins/peptides". A fusion protein comprises at least a portion of a 
particular protein of the present invention such as DC-SIGN joined via a peptide bond 
to at least a portion of another protein or peptide in a chimeric fusion protein. In a 
particular embodiment the portion of the DC-SIGN is antigenic. For example fusion 
proteins can comprise a marker protein or peptide, or a protein or peptide that aids in 

15 the isolation and/or purification of DC-SIGN. 

In a specific embodiment, two DNA sequences are "substantially homologous" or 
"substantially similar" when at least 50% (preferably at least 75%, and most preferably 
at least 90 to 95%) of the nucleotides match over the defined length of the DNA 

20 coding sequences. Sequences that are substantially homologous can be identified by 
comparing the sequences using standard software available in sequence data banks, or 
in a Southern hybridization experiment under, for example, stringent conditions as 
defined for that particular system. Defining appropriate hybridization conditions is 
within the skill of the art. See e.g., Maniatis et al, supra; DNA Cloning, Vols, I & H, 

25 supra; Nucleic Acid Hybridization, supra. 

Similarly, in a particular embodiment, two amino acid sequences are "substantially 
homologous" or "substantially similar" when greater than 75% of the amino acids are 
identical, or preferably greater than about 90% are identical. Preferably, the similar or 
30 homologous sequences are identified by alignment using, for example, the GCG 
(Genetics Computer Group, Program Manual for the GCG Package, Version 7, 
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Madison, Wisconsin) pileup program using the default parameters. 

The tenn "corresponding to" is used herein to refer similar or homologous sequences, 
more preferably substantially similar or substantially homologous sequences, whether 
5 the exact position is identical or different from the molecule to which the similarity or 
homology is measured. The term "corresponding to" refers to the sequence similarity, 
and not the numbering of the amino acid residues or nucleotide bases. 

Expression of Nucleic Acids/Recombinant Proteins , 
10 A nucleic acid encoding DC-SIGN, or a translocation promoting agent, or CD4, or 
cyclin T, or antigenic fragment, derivative or analog thereof, including a chimeric 
protein, thereof, can be inserted into an appropriate expression vector, ie. f a vector 
which contains the necessary elements for the transcription and translation of the 
inserted protein-coding sequence. Such elements include a "promoter." Such a 
15 nucleic acid can be operationally associated with a promoter in an expression vector 
of the invention. Both cDNA and genomic sequences can be cloned and expressed 
under control of such regulatory sequences. An expression vector also preferably 
includes a replication origin. 

20 The necessary transcriptional and translational signals can be provided on a 

recombinant expression vector, or they may be supplied by the native gene encoding 
the protein and/or its flanking regions. 

The present invention also relates to nucleic acids encoding analogs and derivatives of 
25 the DC-SIGN. The production and use of derivatives and analogs are within the scope 
of the present invention. In a specific embodiment, the derivative or analog is a 
soluble fragment of DC-SIGN that is capable of inhibiting the HTV gpl20-DC-SIGN 
interaction. 

30 Derivatives of DC-SIGN can be made by altering nucleic acids encoding DC-SIGN by 
substitutions, additions or deletions that provide for functionally modified molecules. 
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Preferably, derivatives are made that interfere with HIV infection. Such derivatives 
may encode soluble fragments of the extracellular domain of DC-SIGN that retain an 
affinity for an HIV or SIV envelope protein. Such soluble derivatives may be potent 
inhibitors of HTV or SIV binding. 

5 

Due to the degeneracy of nucleotide coding sequences, other DNA sequences which 
encode substantially the same amino acid sequence as DC-SIGN may be used in the 
practice of the present invention. These include but are not limited to allelic genes, 
homologous genes from other species, and nucleotide sequences comprising all or 

10 portions of DC-SIGN which &re altered by the substitution of different codons that 
encode the same amino acid residue within the sequence, thus producing a silent 
change. Likewise, DC-SIGN derivatives of the invention include, but are not limited 
to, those containing, as a primary amino acid sequence, all or part of the amino acid 
sequence of DC-SIGN including altered sequences in which functionally equivalent 

15 amino acid residues are substituted for residues within the sequence resulting in one or 
more conservative amino acid substitutions. For example, one or more amino acid 
residues within the sequence can be substituted by another amino acid of a similar 
polarity, which acts as a functional equivalent, resulting in a silent alteration. 
Substitutes for an amino acid within the sequence maybe selected from other 

20 members of the class to which the amino acid belongs. Such substitutions are defined 
herein as conservative substitutions. For example, the nonpolar (hydrophobic) amino 
acids include alanine, leucine, isoleucine, valine, proline, phenylalanine, tryptophan 
and methionine. Amino acids containing aromatic ring structures are phenylalanine, 
tryptophan, and tyrosine. The polar neutral amino acids include glycine, serine, 

25 . threonine, cysteine, tyrosine, asparagine, and glutamine. The positively charged 
(basic) amino acids include arginine, lysine and histidine. The negatively charged 
(acidic) amino acids include aspartic acid and glutamic acid. Such alterations will not 
be expected to affect apparent molecular weight as determined by polyacrylamide gel 
electrophoresis, or isoelectric point. 



30 



WO 01/64752 



PCT/US01/06322 



31 

Particularly preferred substitutions are: 

- Lys for Arg and vice versa such that a positive charge may be maintained; 

- Glu for Asp and vice versa such that a negative charge may be maintained; 

- Ser for Thr such that a free -OH can be maintained; and 
5 - Gin for Asn such that a free NH^ can be maintained. 

Nucleic acids encoding DC-SIGN derivatives and analogs of the invention can be 
produced by various methods known in the art. The manipulations which result in 
their production can occur at the gene or protein level. For example, the cloned DC- 

10 SIGN sequence can be modified by any of numerous strategies known in the art 

(Sambrook et al., 1989, supra). The sequence can be cleaved at appropriate sites with 
restriction endonuclease(s), followed by further enzymatic modification if desired, 
isolated, and ligated in vitro. In the production of the nucleic acid encoding a 
derivative or analog of DC-SIGN care should be taken to ensure that the modified 

15 nucleic acid remains within the same translational reading frame uninterrupted by 
translational stop signals, in the region where the desired activity is encoded. 

Additionally, a nucleic acid encoding DC-SIGN can be mutated in vitro or in vivo, to 
create and/or destroy translation, initiation, and/or termination sequences, or to create 

20 variations in coding regions and/or form new restriction endonuclease sites or destroy 
preexisting ones, to facilitate further in vitro modification. Preferably, such mutations 
diminish the ability of dendritic cells to transport HIV. Any technique for 
mutagenesis known in the art can be used, including but not limited to, in vitro site- 
directed mutagenesis [Hutchinson, et al, Biol Chem. 253:6551 (1978); Zoller and 

25 Smith, DNA 3:479^88 (1984); Oliphant etal.. Gene 44:177 (1986); Hutchinson et 
al„ Proc. Natl Acad. Sci. U.S.A. 83:710 (1986)], use of TAB® linkers (Pharmacia), 
etc. PCR techniques are preferred for site directed mutagenesis [see Kguchi, "Using 
PGR to Engineer DNA", in PCR Technology: Principles and Applications for DNA 
Amplification, H. Erlich, ed., Stockton Press, Chapter 6, pp. 61-70 (1989)]. The 

30 identified and isolated nucleic acid can then be inserted into an appropriate cloning 
vector. Any of a large number of vector-host systems known in the art may be used. 
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Potential chimeric partners for DC-SIGN can include other transmembrane domains, 
or a domain for modification with a phospholipid anchor. Indeed, all of the 
proteins/fragments of the present invention can be modified by being placed in a 
fusion or chimeric peptide or protein, or labeled e.g., to have an N-terminal FLAG- 
5 tag, or H6 tag. In a particular embodiment DC-SIGN can be modified to contain a 
marker protein such as green fluorescent protein as described in U.S. Patent No. 
5,625,048 filed April 29, 1997 and WO 97/26333, published July 24, 1997 each of 
which are hereby incorporated by reference herein in their entireties. 

10 Potential host- vector systems include but are not limited to mammalian cell systems 
infected with virus (e.g., vaccinia virus, adenovirus, etc.); insect cell systems infected 
with virus (e.g., baculovirus); microorganisms such as yeast containing yeast vectors; 
or bacteria transformed with bacteriophage, DNA, plasmid DNA, or cosmid DNA. 
The expression elements of vectors vary in their strengths and specificities. 

15 Depending on the host- vector system utilized, any one of a number of suitable 
transcription and translation elements may be used. 

A recombinant protein of the present invention, or fragment, derivative, chimeric 
construct, or analog thereof, may be expressed chromosomally, after integration of the 
20 coding sequence by recombination. In this regard, any of a number of amplification 
systems may be used to achieve high levels of stable gene expression (See Sambrook 
et al., 1989, supra). 

The cell into which the recombinant vector comprising the nucleic acid is cultured in 
25 , an appropriate cell culture medium under conditions that provide for expression of the 
protein by the cell. Any of a number of methods may be used to construct expression 
vectors containing a gene consisting of appropriate transcriptional/translational control 
signals and the protein coding sequences. These methods may include in vitro 
recombinant DNA and synthetic techniques and in vivo recombination (genetic 
30 recombination). 
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Expression of a nucleic acid of the present invention may be controlled by any 
promoter/enhancer element known in the art, but these regulatory elements must be 
functional in the host selected for expression. In one embodiment a translocation 
promoting agent is under the control of the CD4 enhancer/promoter/silencer, as 
5 described [Killeen et al EMBO 12:1547-1553 (1993)]. 

A wide variety of host/expression vector combinations may be employed in 
expressing the DNA sequences of this invention. In addition, a host cell strain may be 
chosen which modulates the expression of the inserted sequences, or modifies and 

10 processes the gene product in the specific fashion desired. Different host cells have 
characteristic and specific mechanisms for the translational and post-translational 
processing and modification of proteins, e.g., glycosylation, or cleavage of a signal 
sequence for example. Appropriate cell lines or host systems can be chosen to ensure 
the desired modification and processing of the foreign protein expressed. For 

15 example, expression in a bacterial system can be used to produce an nonglycosylated 
core protein product. However, DC-SIGN expressed in bacteria may not be properly 
folded. Expression in yeast can produce a glycosylated product. Expression in 
eukaryotic cells can increase the likelihood of "native" glycosylation and folding of a 
heterologous protein. Moreover, expression in mammalian cells can provide a tool for 

20 reconstituting, or constituting, translocation promoting activity. Furthermore, 
different vector/host expression systems may affect processing reactions, such as 
proteolytic cleavages, to a different extent 

Vectors are introduced into the desired host cells by methods known in the art, e.g., 
25 transfection, electroporation, microinjection, transduction, cell fusion, DEAE dextran, 
calcium phosphate precipitation, lipofection (lysosome fusion), use of a gene gun, or a 
DNA vector transporter [see, e.g., Wu et al, J. Biol Chem. 267:963-967 (1992); Wu 
and Wu, /. Biol Chem. 263:14621-14624 (1988); Hartmut et al, Canadian Patent 
Application No. 2,012,311, filed March 15, 1990]. 

30 

DC-SIGN expressed as an integral membrane protein can be isolated and purified by 
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standard methods. Generally, the integral membrane protein can be obtained by lysing 
the membrane with detergents, such as but not limited to, sodium dodecyl sulfate 
(SDS), Triton X-100, nonidet P-40 (NP-40), digoxin, sodium deoxycholate, and the 
like, including mixtures thereof. Solubilization can be enhanced by sonication of the 
5 suspension. Soluble forms of the protein can be obtained by collecting culture fluid, 
or solubilizing inclusion bodies, e.g., by treatment with detergent, and if desired 
sonication or other mechanical processes, as described above. The solubilized or 
soluble protein can be isolated using various techniques, such as polyacrylamide gel 
electrophoresis (PAGE), isoelectric focusing, 2-dimensional gel electrophoresis, 
10 chromatography (e.g., ion exchange, affinity, immunoaffinity, and sizing column 
chromatography), centrifugation, differential solubility, immunoprecipitation, or by 
any other standard technique for the purification of proteins. Soluble forms of the 
gpl20 binding portion of DC-SIGN can also be obtained through proteolysis and/or 
expression of the extracellular domain minus the transmembrane domains. 

15 

A consequence of the present results is that mutations in DC-SIGN could result in 
either loss of binding of gpl20 or in loss of a conformational change in envelope 
glycoprotein after binding (such that fusogenic activity of gpl20 would be 
compromised) would protect an individual from transmission of infection or from 
20 progression to disease. Therefore, the present invention provides a test for 

polymorphisms in the DC-SIGN gene to predict an individual's predisposition to 
infection and disease progression. The polymorphisms that are protective are also part 
of the present invention (see PCT/US97/13946, Landau et al, where such a CCR5 
variant was identified) 

25 . 

Therefore, the present invention includes mutations in the DC-SIGN gene that protect 
individuals from HIV infection as well as the means of detecting these variants. 
Methods of screening for such mutations can be performed either by genetic 
approaches or by cellular approaches. One genetic approach uses PCR-based analysis 
30 to amplify a segment of the DC-SIGN gene. The amplified nucleic acid can then be 
sequenced or analyzed using gel mobility (which can detect single strand 



WO 01/64752 



PCT/US01/06322 



35 

conformational polymorphisms). The results obtained are then compared to the same 
segment from a wild-type gene. Amplification of any of the 7 coding exons and the 
flanking intron/exon borders, of the 5' non-coding and 3' non-coding exons of the 
gene encoding DC-SIGN and/or of the promoter will identify such mutant alleles. 

5 

Alternatively, a cellular approach is to obtain peripheral blood mononuclear cells from 
individuals. These cells are then cultured for 2-6 days in GM-CSF and IL-4 so as to 
differentiate into immature dendritic cells. The dendritic cells can then be (i) stained 
with anti-DC-SIGN antibody; (ii) stained with a combination of soluble gpl20 and 

10 labeled anti-gpl20 antibody or soluble CD4; and/or (iii) applied to the 

capture/enhancement assays described herein with reporter virus and target cells. In 
the first case, (i) cells that lack DC-SIGN will not stain with a detectable anti-DC- 
SIGN antibody, whereas, cells either lacking DC-SIGN or encoding a mutant DC- 
SIGN can be identified for lack of binding to gpl20 (ii) or inability to capture/enhance 

15 HTVinfectivity(iii). 

Antibodies to Proteins of the Present invention 
According to the invention, DC-SIGN, or a translocation promoting agent, or CD4, or 
cyclin T produced recombinantly or by chemical synthesis, and fragments or other 

20 derivatives or analogs thereof, including fusion proteins, may be used as an 

immunogen to generate antibodies that recognize the protein or a particular epitope of 
the protein. Such antibodies include but are not limited to polyclonal, monoclonal, 
chimeric, single chain, Fab fragments, and an Fab expression library. The antibodies 
of the invention may be cross reactive, e.g. , they may recognize antigens from 

25 different species. Polyclonal antibodies have greater likelihood of cross reactivity. 
Alternatively, an antibody of the invention may be specific for a single fonn of a 
protein, such as the being specific for human DC-SIGN, or an epitope thereof. 

In a particular embodiment, the site on gpl20 that binds to DC-SIGN can be used as 
30 the basis for an immunogen to elicit antibodies that prevent binding to DC-SIGN. A 
vaccine that elicits mucosal antibody responses as well as generalized humoral 



WO 01/64752 



PCT/US01/06322 



36 

responses against gpl20 can prevent binding of HTV to DC-SIGN and, therefore, limit 
infection of T-cells. Antibodies that prevent HIV binding to DC-SIGN or DC-SIGN- 
mediated enhancement of target cell infection are therefore part of the invention. Such 
antibodies would preferably inhibit across viral clades and inhibit broadly within viral 
5 clades. These antibodies are in contract to antibodies that are neutralizing (z.£., inhibit 
infection of target cells with high concentrations of HTV) and which have not been 
shown to be broadly neutralizing in humans. Vaccine vectors that preferentially elicit 
mucosal antibody responses (e.g., recombinant salmonella vectors) would constitute 
one approach, particularly if the site on gp!20 required for binding to DC-SIGN does 
10 not require glycosylation. 

One particular approach is to deliver fragments of gpl20 that contain the DC-SIGN 
binding site to mucosal surfaces in appropriate adjuvants. In addition, a DC-SIGN- 
altered form of envelope protein can be used as a candidate vaccine for eliciting 

15 humoral responses (i.e., a novel form of a fusion-competent envelope vaccine). Thus, 
the present invention provides a complex of DC-SIGN with monomelic gpl20 or 
gpl40 oligomers as an immunogen to elicit broadly-neutralizing antibodies that will 
bind to DC-SIGN-induced epitopes on the envelope glycoprotein and thus block the 
trans-enhancement of infection. Antibodies raised by such means are more likely to 

20 inhibit DC-SIGN-enhanced infection of target cells than DC-SIGN-independent 
infection. 

DC-SIGN can also be used as an immunogen to elicit anti-DC-SIGN antibodies that 
block binding of HTV. A soluble form of DC-SIGN, which has been modified to 
25 , prevent its ability to enhance viral entry (due to loss of binding to gpl20 or to loss of 
trans-enhancement function after binding to gpl20), can be used as the immunogen. 

In a specific embodiment, an antibody of the invention is specific for a masked 
epitope on gpl20 that is exposed on binding to DC-SIGN. In another embodiment, an 
30 antibody of the invention is specific for an epitope created by the binding of DC-SIGN 
and HIV to a translocation promoting agent and/or CD4. For example, the binding of 
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HTV envelope protein to CD4 induces a conformational change in gpl20 or gpl30, 
which results in an increased affinity of gpl20 or gpl30 for the translocating 
promoter, and possibly a concomitant unmasking of a translocating promoter epitope. 
Similarly, the binding of DC-SIGN to gpl20 or gpl30 also has the same effect. Such 
5 antibodies can be selected on the basis of binding under conditions of HIV or SIV 
binding to DC-SIGN, e.g., at 4°C to inhibit binding, and screened for non-binding to 
free DC-SIGN. 

Various procedures known in the art may be used for the production of polyclonal 
10 antibodies to DC-SIGN for example, or derivative or analog thereof. For the 

production of antibody, various host animals can be immunized by injection with DC- 
SIGN for example, or a derivative (e.g., fragment or fusion protein) thereof, including 
but not limited to rabbits, mice, rats, sheep, goats, etc. In one embodiment, DC-SIGN 
or fragment thereof can be conjugated to an immunogenic carrier, e.g., bovine serum 
15 albumin (BSA) or keyhole limpet hemocyanin (KLH). Various adjuvants may be used 
to increase the immunological response, depending on the host species, including but 
not limited to Freund's (complete and incomplete), mineral gels such as aluminum 
hydroxide, surface active substances such as lysolecithin, pluronic polyols, 
polyanions, peptides, oil emulsions, keyhole limpet hemocyanins, dinitrophenol, and 
20 potentially useful human adjuvants such as BCG (bacille Calmette-Gueriri) and 
Corynebacterium parvum. 

For preparation of monoclonal antibodies directed toward DC-SIGN for example, or 
fragment, analog, or derivative thereof, any technique that provides for the production 

25 of antibody molecules by continuous cell lines in culture may be used. These include 
but are not limited to the hybridoma technique originally developed by Kohler and 
Milstein [Nature 256:495-497 (1975)], as well as the trioma technique, the human B- 
cell hybridoma technique [Kozbor et al., Immunology Today 4:72 1983); Cote et al., 
Proc. Natl Acad. Sci. U.SA. 80:2026-2030 (1983)], and the EBV-hybridoma 

30 technique to produce human monoclonal antibodies [Cole et al., in Monoclonal 
Antibodies and Cancer Tlierapy, Alan R. Liss, Inc., pp. 77-96 (1985)]. In an 
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additional embodiment of the invention, monoclonal antibodies can be produced in 
germ-free animals utilizing technology described in [PCT/US90/02545], In fact, 
according to the invention, techniques developed for the production of "chimeric 
antibodies" [Morrison et al., /. Bacterid 159:870 (1984); Neuberger et al., Nature 
5 312:604-608 (1984); Takeda et al., Nature 314:452454 (1985)] by splicing the genes 
from a mouse antibody molecule specific for DC-SIGN, for example, together with 
genes from a human antibody molecule of appropriate biological activity can be used; 
such antibodies are within the scope of this invention. Such human or humanized 
chimeric antibodies are preferred for use in therapy of human diseases or disorders 
10 (described infra), since the human or humanized antibodies are much less likely than 
xenogenic antibodies to induce an immune response, in particular an allergic response, 
themselves. 

According to the invention, techniques described for the production of single chain 
15 antibodies [U.S. Patent Nos. 5,476,786 and 5,132,405 to Huston; U.S. Patent 

4,946,778] can be adapted to produce DC-SIGN-specific single chain antibodies for 
example. An additional embodiment of the invention utilizes the techniques 
described for the construction of Fab expression libraries [Huse et al., Science 
246:1275-1281 (1989)] to allow rapid and easy identification of monoclonal Fab 
20 fragments with the desired specificity for a translocation promoting protein, or its 
derivatives, or analogs. 

Antibody fragments which contain the idiotype of the antibody molecule can be 
generated by known techniques. For example, such fragments include but are not 
25 ( limited to: the F(ab') 2 fragment which can be produced by pepsin digestion of the 
antibody molecule; the Fab' fragments which can be generated by reducing the 
disulfide bridges of the F(ab / ) 2 fragment, and the Fab fragments which can be 
generated by treating the antibody molecule with papain and a reducing agent 

30 In the production of antibodies, screening for the desired antibody can be 

accomplished by techniques known in the art, e.g., radioimmunoassay, ELISA 
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(enzyme-linked immunosorbant assay), "sandwich" immunoassays, 
immunoradiometric assays, gel diffusion precipitin reactions, immunodiffusion 
assays, in situ immunoassays (using colloidal gold, enzyme or radioisotope labels, for 
example), western blots, precipitation reactions, agglutination assays (e.g., gel 
5 agglutination assays, hemagglutination assays), complement fixation assays, 

immunofluorescence assays, protein A assays, and Immunoelectrophoresis assays, etc. 
In one embodiment, antibody binding is detected by detecting a label on the primary 
antibody. In another embodiment, the primary antibody is detected by detecting 
binding of a secondary antibody or reagent to the primary antibody. In a further 

10 embodiment, the secondary antibody is labeled. Many means are known in the art for 
detecting binding in an immunoassay and are within the scope of the present 
invention. For example, to select antibodies which recognize a specific epitope of 
DC-SIGN, for example, one may assay generated hybridomas for a product which 
binds to a translocation promoting agent fragment containing such epitope. For 

15 selection of an antibody specific to a DC-SIGN from a particular species of animal, 
one can select on the basis of positive binding with DC-SIGN expressed by or isolated 
from cells of that species of animal. 

The foregoing antibodies can be used in methods known in the art relating to the 
20 localization and activity of DC-SIGN, e.g., for Western blotting, imaging DC-SIGN in 
situ, measuring levels thereof in appropriate physiological samples, etc. using any of 
the detection techniques mentioned above or known in the art. 

Suitable labels for antibodies (as well as for the other proteins, peptides and nucleic 
25 acids of the present invention) include enzymes, fluorophores (e.g., fluorescene 
isothiocyanate (FTTC), phycoerythrin (PE), Texas red (TR), ihodamine, free or 
chelated lanthanide series salts, especially Eu 3 * green fluorescent protein, to name a 
few fluorophores), chromophores, radioisotopes, chelating agents, dyes, colloidal 
gold, latex particles, ligands (e.g., biotin), and chemiluminescent agents. When a 
30 control marker is employed, the same or different labels may be used for the receptor 
and control marker. In the instance where a radioactive label, such as the isotopes 3 H, 
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l4 C, 32 P, 35 S, 59 Fe, I25 I, m I, and 186 Re are used, known cuirently available counting 
procedures may be utilized. In the instance where the label is a protein, e.g., an 
enzyme or fluorescent protein, detection may be accomplished by any of the presently 
utilized colorimetric, spectrophotometric, fluorospectrophotometric, amperometric or 
5 gasometric techniques known in the art. 

Direct labels are one example of labels which can be used according to the present 
invention. A direct label has been defined as an entity, which in its natural state, is 
readily visible, either to the naked eye, or with the aid of an optical filter and/or 

0 applied stimulation, e.g., U.V. light to promote fluorescence. Among examples of 
colored labels, which can be used according to the present invention, include metallic 
sol particles, for example, gold sol particles such as those described by Leuvering 
(U.S. Patent 4,313,734); dye sole particles such as described by Gribnau etal. (U.S. 
Patent 4,373,932) and May et al. (WO 88/08534); dyed latex such as described by 

5 May, supra, Snyder (EP-A 0 280 559 and 0 281 327); or dyes encapsulated in 

liposomes as described by Campbell et al. (U.S. Patent 4,703,017). Other direct labels 
include a radionucleotide, a fluorescent moiety or a luminescent moiety including 
proteins comprising such moieties such as green fluorescent protein. In addition to 
these direct labeling devices, indirect labels comprising enzymes can also be used 

:0 according to the present invention. 

Various types of enzyme linked immunoassays are well known in the art, for example, 
alkaline phosphatase and horseradish peroxidase, lysozyme, glucose-6-phosphate 
dehydrogenase, lactate dehydrogenase, itfease, these and others have been discussed in 
:5 . detail by Eva Engvall in Enzyme Immunoassay ELBA and EMIT in Methods in 
Enzymology, 70:419-439, (1980) and in U.S. Patent 4,857,453. Suitable enzymes 
include, but are not limited to, alkaline phosphatase and horseradish peroxidase. 

Other labels for use in the invention include magnetic beads or magnetic resonance 
0 imaging labels. 
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In another embodiment, a phosphorylation site can be created on an antibody of the 
invention for labeling with 32 P, e.g., as described in European Patent No. 0372707 
(Application No. 893 1 1 108.8) by Sidney Pestka, or U.S. Patent No. 5,459,240, issued 
October 17, 1995 to Foxwell et al. 

5 

Proteins, including antibodies, can be labeled by metabolic labeling. Metabolic 
labeling occurs during in vitro incubation of the cells that express the protein in the 
presence of culture medium supplemented with a metabolic label, such as [ 35 S]- 
methionine or [ 32 P]-orthophosphate. In addition to metabolic (or biosynthetic) 
10 labeling with [ 35 S]-methionine, the invention further contemplates labeling with [ 14 C]- 
amino acids and [ 3 H]-amino acids (with the tritium substituted at non-labile 
positions). 

In a specific embodiment, antibodies that agonize or antagonize the activity of DC- 
15 SIGN can be generated. Such antibodies, when conjugated with a toxin or radioactive 
element, can be used to target HIV-facilitative cells for destruction. Thus, cells 
harboring HIV, particularly in its dormant phase, can be destroyed with antibodies, 
e.g., conjugated to a toxin such as ricin or a radioisotope such as 32 P or 125 I, when such 
antibodies are specific for the DC-SIGN HIV gpl20 complex. 

20 

Vaccination and Passive Immune Therapy 
Active immunity against a virus such as HIV can be induced by immunization 
(vaccination) with an adjuvant and a protein of the present invention, and/or protein 
complex of the present invention, and/or antigenic fragment thereof, and/or derivative 
25 thereof. For example, either an immunogenic amount of a portion of gpl20 that is 
required for binding DC-SIGN or an immunogenic amount of a portion of gpl20 that 
is exposed upon gpl20 binding of DC-SIGN due to the concomitant conformational 
change (herein referred to collectively as particular gpl20 epitopes) can serve as the 
antigenic component of the vaccine. 

30 



For example,the particular gpl20 epitope alone or conjugated to a capsule or capsules 
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cannot cause AIDS, and the active immunity elicited by vaccination with the 
particular gpl20 epitope according to the present invention can result in both an 
immediate immune response and in immunological memory, and thus provide long-' 
term protection against infection by HIV, particularly when the particular gpl20 
5 epitope is a conserved region of gpl20. The particular gpl20 epitope, or derivatives 
thereof, can be prepared in an admixture with an adjuvant to prepare a vaccine. 
Preferably, the particular gpl20 epitope or derivative or fragment thereof, used as the 
antigenic component of the vaccine is an antigen common to all or many strains of 
HIV. The antigenic component of the vaccine is therefore preferably a common 
10 antigen. 

Selection of an adjuvant depends on the subject to be vaccinated. Preferably, a 
pharmaceutically acceptable adjuvant is used. For example, a vaccine for a human 
should avoid oil or hydrocarbon emulsion adjuvants, including complete and 
15 incomplete Freund ! s adjuvant One example of an adjuvant suitable for use with 
humans is alum (alumina gel). A vaccine for an animal, however, may contain 
adjuvants not appropriate for use with humans. 

An alternative to a traditional vaccine comprising an antigen and an adjuvant involves 
20 the direct in vivo introduction of DNA encoding the antigen into tissues of a subject 
for expression of the antigen by the cells of the subject's tissue. Such vaccines are 
termed herein "nucleic acid-based vaccines." The expression vector can be engineered 
to contain an autologous signal sequence. For example, a naked DNA vector (see, 
e.g., Ulmer et al. f 1993, Science 259:1745-1749), a DNA vector transporter (e.g., Wu 
25 , et al., 1992, J. Biol. Chem. 267:963-967; Wu and Wu, 1988, J. Biol. Chem. 

263:14621-14624; Hartmut et al., Canadian Patent Application No. 2,012,311, filed 
March 15, 1990), or a viral vector containing a nucleic acid encoding a particular 
gpl20 epitope can be injected into tissue. Suitable viral vectors include retroviruses 
that are packaged in cells with amphotropic host range (see Miller, 1990, Human Gene 
30 Ther. 1:5-14; Ausubel et al., Current Protocols in Molecular Biology, § 9), and 
attenuated or defective DNA virus, such as but not limited to herpes simplex virus 
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(HSV) {see, e.g., Kaplitt et al., 1991, Molec. Cell. Neurosci. 2:320-330), 
papillomavirus, Epstein Bair virus (EBV), adenovirus (see, e.g., Stratford-Peiricaudet 
et aL, 1992, J. Clin. Invest. 90:626-630), adeno-associated virus (AAV) (see, e.g., 
SamulsW et al., 1987, J. Virol. 61:3096-3101; Samulski et al., 1989, J. Virol. 63:3822- 
5 3828), and the like. Defective viruses, which entirely or almost entirely lack viral 
genes, are preferred. Defective virus is not infective after introduction into a cell. 

Vectors containing the nucleic acid-based vaccine of the invention can be introduced 
into the desired host by methods known in the art, e.g., transfection, electroporation, 
10 microinjection, transduction, cell fusion, DEAE dextran, calcium phosphate 
precipitation, lipofection (lysosome fusion), use of a gene gun, or a DNA vector 
transporter [see, e.g., Wu et al., J. Biol Chem. 267:963-967 (1992); Wu and Wu, J. 
Biol Chenu 263:14621-14624 (1988); Hartmut et al., Canadian Patent Application 
No. 2,012,311, filed March 15, 1990)]. 

15 

Any vaccine of the invention, e.g., a vaccine comprising a particular gpl20 epitope 
antigen or antigenic derivative or fragment thereof, or the coiresponding nucleic acid 
vaccine, can be administered via any parenteral route, including but not limited to 
intramuscular, intraperitoneal, intravenous, and the like. Preferably, since the desired 
20 result of vaccination is to elucidate an immune response to the antigen, and thereby to 
the pathogenic organism, administration directly, or by targeting or choice of a viral 
vector, indirectly, to lymphoid tissues, e.g., lymph nodes or spleen. 

Passive immunity can be conferred to an animal subject suspected of suffering from, 
25 or particular susceptible to a viral infection, preferably a retrovirus, and more 
preferably HIV infection, by administering antiserum, polyclonal antibodies, or a 
neutralizing monoclonal antibody against a particular gpl20 epitope of the invention 
to the patient. Although passive immunity does not confer long tenn protection, it can 
be a valuable tool for the treatment of a subject who has not been vaccinated. ' 
30 Preferably, the antibodies administered for passive immune therapy are autologous 
antibodies. For example, if the subject is a human, preferably the antibodies are of 



WO 01/64752 PCTYUS01/06322 

44 

human origin or have been "humanized," in order to minimize the possibility of an 
immune response against the antibodies. 

An analogous therapy to passive immunization is administration of an amount of 
5 solubilized DC-SIGN sufficient to inhibit the transport of HIV by dendritic cells to T 
cells. The required amount can be determined by one of ordinary skill using standard 
techniques. 

The active or passive vaccines of the invention, or the administration of soluble DC- 
10 SIGN, can be used to protect an animal subject from viral infection, preferably 

retrovirus invention, and more preferably, AIDS. Thus, a vaccine of the invention can 
be used in birds, such as chickens, turkeys, and pets; in mammals, preferably a human, 
although the vaccines of the invention are contemplated for use in other mammalian 
species, including but not limited to domesticated animals (canine and feline); farm 
15 animals (bovine, ovine, equine, caprine, porcine, and the like); rodents; and 

undomesticated animals. In the case of AIDS, vaccination, of course, envisioned to be 
in humans. 

Methods For Screening Drug Libraries For Compounds Useful 
20 in The Treatment and/or Prevention of HIV Infection 

The present invention includes assays that are based on trans-enhancement of viral 
infection. Such assays can be used to screen for compounds including antibodies that 
inhibit the ability of DC-SIGN to enhance infection of target cells in trans. The assays 
can also be developed into test kits to monitor responses for preventive or therapeutic . 
25 , vaccines. Such assays can utilize: 

(i) any of a variety of cell lines as target cells that express CD4 and a 
translocation promoting agent, including but not limited to CCR5 or CXCR4; 

(ii) a source of DC-SIGN, either on the surface of cells in membrane 
vesicles or soluble recombinant material; and 

30 (iii) a recombinant form of HIV that encodes a reporter gene; e.g., 

luciferase or green fluorescent protein to permit a determination of the effective 



WO 01/64752 



PCT/US01/06322 



45 

infection of the target cells. 

Examples of appropriate cell lines include, but are not limited to murine 3T3 cells, 
human HeLa, U87MG, HOS, and 293 cells that are transgenically manipulated to 
5 express CD4. Additional human cell lines that do not normally express either CXCR4 
or CKR-5 (such as SCL) can also be used. Furthennore, cell lines included in the 
Examples below, can also be used. 

Cell lines transfected with DC-SIGN can be used in assays to capture gpl20 or 
0 infectious HIV particles. Cells expressing DC-SIGN can be pulsed with the reporter 
virus, washed and incubated with the target cells. Reporter activity can then be 
assayed in the cultured cells. In certain assays dendritic cells or THP-1 cells 
transfected to express DC-SIGN can be utilized as cells that express DC-SIGN. 

5 Cell lines transfected with DC-SIGN can be used in assays to enhance target cell 
infection in trans. Mixtures of cells that express DC-SIGN and target cells can be 
incubated with appropriate titers of reporter virus, and reporter activity will then be 
measured. As controls for background infection, cells that do not express DC-SIGN 
are used. 

0 

Membrane vesicles containing DC-SIGN can also be used with target cells to capture 
reporter virus or to enhance infection of target cells in trans with reporter virus. One 
embodiment uses lipid monolayers to anchor DC-SIGN on a solid support. Reporter 
virus is then added. In a particular embodiment of this type, the membranes are then 
5 washed. In either case, the target cells then added. 

In another embodiment the anchored solid phase DC-SIGN is treated with soluble 
gpl20 or gpl40, washed, and then screened for antibodies that bind specifically to the 
DC-SIGN-gpl20 or gol40 complex. In a preferred embodiment of this type, the 
3 antibody does not bind to either DC-SIGN or gpl20/140 alone. Antibodies identified 
in this matter can then be used to screen for compounds that block the binding of these 
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antibodies to solid phase DCS/gpl20 or gpl40 complexes. These antibodies aie also 
part of the invention. 

Soluble or secreted forms of DC-SIGN also can be used in the capture or enhancement 
5 assays disclosed herein. These forms of DC-SIGN can be prepared in bacteria or in 
eukaryotic expression systems including mammalian cell lines and insect cells using 
recombinant baculovirus. One means of preparing these forms of DC-SIGN is to link 
a signal peptide sequence to an epitope tag and to the N-teiminal amino acid residue 
of the ectodomain (most membrane-proximal) and express this in mammalian cell 
0 lines. Another approach is to make a fusion protein with DC-SIGN and an 
extracellular domain of a transmembrane protein; e.g., CD8-alpha, such that a 
protease cleavage site (e.g., recognized by thrombin) separates that domain from an 
epitope-tagged form of DC-SIGN ectodomain. After purification on an anti-CD8 
affinity column, this protein can be cleaved with thrombin to yield the soluble forms 
5 of DC-SIGN. The resulting protein can be used as a monomer in the trans- 
enhancement assay or in multimeric form, possibly bound to beads or other solid 
support, in the capture and enhancement assays and in drug screens as described above 
with the rriembrane vesicles. 

0 HIV and SIV vectors include, but are not limited to HTV or SIV-luciferase, HIV or 
SIV-alkaline phosphatase, HTV or SIV- CD24 and HIV or SIV-2 LTR-Green 
Fluorescent Protein. In such vectors, the env gene can be inactivated by frame 
shifting, and the reporter gene is then inserted to replace the Nef open reading frame. 
Additional vectors can be made for easier screening in murine cells, in which 

5 expression of HIV-LTR-driven reporters is only about 1% of the level in human cells. 
Such vectors are based on the HIV-gpt prototype, such that the reporter, e.g. luciferase 
is placed under control of the S V40 promoter within the env gene, ensuring high level 
expression following integration. 

0 HIV-1 envelope glycoproteins whose tropism for CCRs and CXR4 that have been 
determined can be appropriate for screening. For example, CCR5-tropic envelope 
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glycoproteins ADA and YU-2, (which can also use CCR3) 92US715, and 91US005 
and one dual tropic for CXCR4 and CXCR5 (92HT593) are also able to infect cells 
tranfected with BOB. Two of the envelope proteins for primary HIV-1 strains (the 
dual tropic 92HT539 and CR5-tropic 92BR025) also use Bonzo. In addition T-tropic 

5 envelope glycoproteins include HXB2, 92UG021, and 92HT599 also use BOB or 
Bonzo. Other CCR5-tropic envelope glycoproteins include BaL, 92UG975, 
93HT966, 92RWO20, 93TH976, 92BRO20, and 93MW965. JRFL is a CCR5-tropic 
envelope glycoprotein that uses BOB only weakly. Envelope glycoproteins of SIV 
such as Macl Al 1-Agm TY01, or Mac 239 can also be used to screen for receptors 

0 that are used by SIV. 

Identification of the role that DC-SIGN plays in HIV infection provides a unique set 
of protocols to identify specific agents that inhibit HTV infection. Accordingly, the 
present invention contemplates methods for identifying agonists and antagonists of 
5 HIV entry using various screening assays known in the art. Such agonists or 

antagonists can competitively inhibit HIV binding, or more particularly, an HIV or 
SIV envelope protein binding to DC-SIGN. 

In one such embodiment, cell lines expressing CD4 and one or more translocating 
0 promoters, can be infected with an HIV-reporter virus or SIV-reporter virus that is 
pseudotyped with one or more selected envelope glycoproteins in the presence of DC- 
SIGN. Compound libraries can be assayed for their ability to inhibit infection of the 
cells by the pseudotyped virus. Candidate compounds are selected and then can be 
counter-screened for non-specific effects on infection with virus pseudotyped with 
5 non-HTV or non-SIV envelope proteins such as MLV amphotropic env or with VS V-G 
env for example. 

Any screening technique known in the art can be used to screen for antagonists of DC- 
SIGN-gpl20 association. The present invention contemplates screens for small 
3 organic compounds, as well as screens for natural ligands that bind to and antagonize 
such activity in vivo. For example, natural products libraries can be screened using 
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assays of thp invention for molecules that antagonize HIV-DC-SIGN association. 



Identification and screening of antagonists can be further facilitated by determining 
structural features of the protein, e.g., using X-ray crystallography, neutron diffraction, 
5 nuclear magnetic resonance spectrometry, and other techniques for structure 

determination. These techniques provide for the rational design or identification of 
agonists and antagonists. 

Another approach uses recombinant bacteriophage to produce large libraries. Using 
10 the "phage method" [Scott and Smith, 1990, Science 249:386-390 (1990); Cwirla, et 
al., Proc. Natl. Acad. Sci., 87:6378-6382 (1990); Devlin et al., Science, 249:404-406 
(1990)], very large libraries can be constructed (10 6 -10 8 chemical entities). A second 
approach uses primarily chemical methods, of which the Geysen method [Geysen et 
al., Molecular Immunology 23:709-715 (1986); Geysen et al. J. Immunologic Method 
15 102:259-274 (1987)] and the method of Fodor et al. [Science 251:767-773 (1991)] are 
examples. Furka et al. [14th International Congress of Biochemistry, Volume 5, 
Abstract FR:013 (1988); Furka, Int. J. Peptide Protein Res. 37:487-493 (1991)], 
Houghton £U.S. Patent No. 4,631,211, issued December 1986] and Rutter et al. [U.S. 
Patent No. 5,010,175, issued April 23, 1991] describe methods to produce a mixture 
20 of peptides that can be tested as agonists or antagonists. 

In another aspect, synthetic libraries [Needels et al., Proc. Natl. Acad Sci. USA 
90:10700-4 (1993); Ohlmeyer et al., Proc. Natl. Acad. Sci. USA 90:10922-10926 
(1993); Lam et al., International Patent Publication No. WO 92/00252; Kocis et al., 
25 . International Patent Publication No. WO 9428028, each of which is incorporated 
herein by reference in its entirety], and the like can be used to screen for inhibitors of 
DC-SIGN mediated HIV entry into T cells according to the present invention. 

The screening can be performed with recombinant cells that express DC-SIGN, or 
30 alternatively, using purified and preferably soluble protein, e.g., produced 

recombinantly, as described above. For example, the ability of a labeled, soluble or 
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solubilized DC-SIGN that includes the gpl20-binding portion of the molecule to bind 
gpl20 can be used to screen libraries such as random phage libraries or chemical 
libraries, as described herein. Any of the numerous assays well known in the art 
and/or exemplified herein may be used 

5 

The present invention therefore also includes compounds that interfere with the 
binding of gpl20 to DC-SIGN (DCS). In a particular embodiment the compound has 
a structure based on that of an oligosaccharide. Alternatively, the compound can be an 
antibody specific for DC-SIGN or an antibody specific for particularly conserved 
10 regions of gpl20 that are required for interacting with DC-SIGN. Such compounds 
interfere with infection, particularly with infection of cells that do not express DC- 
SIGN. 

The present invention also provides compounds that interfere with DC-SIGN- 
15 dependent enhancement of HIV-target cell fusion. Such compounds include 

antibodies that bind to DC-SIGN and interfere with the trans-enhancement of HIV 
entry by way of CD4 and CCR5/CXCR4 on the target cell. Preferably such 
compounds or antibodies do not block the binding of gpl20 to DC-SIGN. 

20 In addition, one of the models suggested by the present results is based on the 

clustering of DC-SIGN being required for its activity in enhancing T cell infection. 
Therefore, even if the virus binds to DC-SIGN there needs to be appropriate clustering 
of the receptor on the surface of the dendritic cell. Selected compounds could block 
the clustering activity, even if binding of virus could still occur. Such compounds 

25 would therefore be agents that block infection of T cells and monocytes. 

Furthermore, compounds can be identified that block DC-SIGN processing of HIV-1 
to permit persistence of virus (protection from decay in infectivity) and presentation in 
trans to enhance infection of T cells. The virus is protected from proteases after 
30 interaction with dendritic cells or other cells transfected with DC-SIGN. Therefore, 
compounds that inhibit this protective mechanism of the virus after it binds to DC- 
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SIGN are part of the invention. Such compounds can be identified by using the 
capture and trans-enhancement assays described herein, with whole cells that express 
DC-SIGN. With the capture assay, the screen can be for compounds that inhibit 
infection of target cells that are added to the DC-SIGN expressing cells one or more 
5 days after the DC-SIGN cells are pulsed with reporter virus (see Examples below). 

The present invention further provides the use of soluble DC-SIGN to block infection 
in vivo. Certain forms of soluble DC-SIGN (e.g., modified to bind yet also prevent a 
conformational change) could block HTV infection while other forms could enhance 

10 fusion. Such forms of DC-SIGN can be produced by performing mutagenesis to 
generate DC-SIGN variants that continue to bind gpl20 but fail to transmit captured 
virus to T cells, and/or other target cells and/or to enhance infection of T cells and 
other target cells in trans. One particular approach is to perform random mutagenesis 
of the DC-SIGN extracellular domain using standard error-prone PCR, transfect or 

15 retrovirally transduce the different mutant clones into an appropriate cell lines such as 
THP-1, sort for cells that bind gpl20, using magnetic beads coated with anti-gpl20 
antibody or using FACS, and then test individual transfected clones for the ability to 
transmit virus to appropriate target cells expressing CD4/CCR5 or CD4/CXCR4. 
Mutant forms of DC-SIGN that cannot enhance entry in trans can be made into 

20 soluble or secreted forms by one of the methods described above, and these can be 
tested for their ability to inhibit trans-enhancement in assays such as those described 
herein. 

Based on the results disclosed herein, it appears that interaction of gpl20 with DC- 
25 , SIGN results in a conformational change in envelope glycoprotein which would 
enhance fusogenic activity. Therefore compounds including antibodies that 
specifically interact with such an altered form of the envelope glycoprotein 
(gpl20/gp41) induced by DC-SIGN binding and that, hence, block viral entry are also 
provided. Such small organic compounds or antibodies can be identified by screening 
30 for drugs in a trans-enhancement assay or by using complexes of DC-SIGN and gpl20 
or oligomers of soluble gp!40.- For example, soluble DC-SIGN/gpl20 can be used to 
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elicit monoclonal antibodies that will bind specifically only to a complex of these 
proteins or to a conformational epitope on gpl20. Such complexes can also be used to 
screen for compounds that bind specifically to DC-SIGN/gpl20 or DC-SIGN/gpl40 
or to the novel conformations of the envelope glycoproteins. 

5 

In addition, compounds or antibodies that specifically interact with an altered form of 
the envelope glycoprotein (gp220/gp41) not necessarily induced by DC-SIGN binding, 
but by specific routing of virus to intracellular compartments in which viral 
fusogenicity would be enhanced are included in the present invention. Such 

10 compounds or antibodies can be identified by screening for drugs in a trans- 
enhancement assay (described above) or by using HIV particles that have been 
rendered more "fusogenic" by exposure to DC (or by other means that mimic DC 
exposure, e.g. low pH exposure). In addition, soluble envelope glycoprotein in a 
"fusion-enhanced" conformation can be used to elicit monoclonal antibodies that will 

15 bind specifically only to a conformational epitope on gpl20 or gp41. Such complexes 
can also be used to screen for compounds that bind specifically to novel 
conformations of the envelope glycoproteins. 

To screen for such compounds, HIV particles can be exposed to various pH conditions 
20 prior to return to neutral pH. If a particular pH condition enhances infectivity, 
compounds can be screened for their ability to inhibit infection. For example, 
pseudotyped virus (encoding a reporter gene, e.g., firefly lucif erase) can be pH 
activated, and then used to infect a target cell {e.g., murine 3T3 cells expressing 
human CD4, human CCR5, and human cyclinTl; or other mouse or human cells with 
25 the appropriate complement of receptors). Screens can be conducted for compounds 
that inhibit luciferase activity. Several controls can be incorporated to ensure that 
compounds are specific for activiated viral conformations. For example, high 
concentration of non-pH-exposed pseudotype virus encoding Renilla luciferase can be 
included in the assay. The infectivity of this virus should not be affected by 
30 compounds of interest. Alternatively, Renilla luciferase-encoding virus pseudotyped 
with VS V-G or murine amphotropic envelope glycoprotein similarly would not be 
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effected by desired compounds. 

Still another approach employes the contents of purified early endosomes, which are 
then mixed with virus {e.g., HIV) to achieve increased infectivity (to supplement 
5 and/or replace the lower pH conditions described previously). Compounds that block 
increased viral infectivity after such treatment can then be screened by the assays 
described above. 

A different screen can be used to identify compounds that block interaction of a novel 
10 conformer of HIV envelope glycoprotein (induced by low pH and/or endosomal 

environment) with CD4/chemokine receptor or with a conformer-specific mAb. The 
former can test binding of envelope to cells that express the receptor complex or to 
beads coated with lipid-associated forms of CD4 and CCR5 for example. 

15 In addition, the finding that HTV internalization by dendritic cells directs virus to 
• recycling endosomes {see Example 2) rather than lysosomes, identifies one of the key 
functions of DC-SIGN. Therefore, the present invention further provides compounds 
that inhibit' HIV infection by redirecting HTV from recycling endosomes to the 
lysosomal compartment of dendritic cells (as well as other cells). Such compounds 

20 reduce HIV infectivity and increase immunogenicity (and, hence, antiviral T cell 
immune responses). This can be achieved by interfering with the DC-SIGN 
interaction with intracellular endocytic machinery. Therefore, the present invention 
provides methods of identifying compounds and the compounds so identified which 
interfere with the binding of specific proteins to the cytoplasmic domain of DC-SIGN. 

25 These proteins are essential for internalization of virus and for the ability of HIV to 
exploit dendritic cells. 

Therefore, the present invention provides screens to test for compounds that inhibit 
internalization of DC-SIGN. One such screen is an antibody based screen. In a 
30 particular embodiment, a labeled anti-DC-SIGN antibody is bound to an appropriate 
cell (a cell that expresses DC SIGN e.g., a THP-SIGN cell), and internalization is 
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induced by warming to 37°C or so for an'appropriate period of time (e.g., 20-120 
min). Surface-bound antibody is then stripped by acid pH or protease, and the cells 
are washed. The remaining label is then measured. Compounds that inhibit . 
endocytosis of DC-SIGN would block accumulation of label. In one such 
5 embodiment, the antibody has a fluorescent label. In a related embodiment, the 
antibody has a radioactive label. 

In another screen provided by the present invention is an HTV-based screen. Such a 
screen could use a labeled HIV particle. These HIV particles can bound to an 
10 appropriate cell (a cell that expresses DC SIGN e.g., a THP-SIGN cell), and 

internalization is induced by warming to 37°C or so for an appropriate period of time 
(e.g., 20-120 min). Surface-bound HIV can then be stripped by acid pH or protease, 
and the cells are washed. The remaining lable can then be determined. In a particular 
embodiment the HIV particle is fluorescently labeled and the remaining fluorescence 
is measured by FACS analysis or microscopy (monitoring fluorescent particles in 
endosomes). 

Since internalization of virus into recycling endosomes results in enhanced infectivity 
of virus, the identification of compounds that interfere with DCS-dependent 
enhancement of HTV-target cell fusion is important. One such method relies on 
identifying compounds that interfere with conformational changes in HTV envelope 
glycoprotein following endocytosis of viral particles. In a particular embodiment, 
these conformational changes are caused by pH-dependent conformational changes. 
Another method relies on identifying compounds that bind specifically to conformers 
of HIV envelope glycoprotein after conformational modifications within endosomal 
compartments. In a particular embodiment of this type, the compounds are antibodies. 

Administration of Antagonists of HTV Infection 
According to the invention, the component or components of a therapeutic 
composition of the invention may be introduced parenterally, transmucosally, 
orally, nasally, or rectally, or transdennally. Preferably, administration is parenteral, 
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e.g., via intravenous injection, and also including, but is not limited to, intra-arteriole, 
intramuscular, intradermal, subcutaneous, intraperitoneal, intraventricular, and 
intracranial administration. More preferably, where administration of an antagonist to 
the DC-SIGN -gp!20 complex is administered to prevent or treat AIDS, it may be 
5 introduced by injection into the blood. The antagonist may be a specific antibody 
raised against a particular epitope of the DC-SIGN -gpl20 complex or a mimic to DC- 
SIGN, including a soluble form of DC-SIGN that competitively competes with DC- 
SIGN for the gpl 20. 

10 Li another embodiment, the therapeutic compound can be delivered in a vesicle, in 
particular a liposome [see Langer, Science 249:1527-1533 (1990); Treat et al., in 
Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Berestein and 
Fidler (eds.), Liss: New York, pp. 353-365 (1989); Lopez-Berestein, ibid., pp. 317- 
327; see generally ibid]. To reduce its systemic side effects, this may be a preferred 

15 method for introducing an antagonist to DC-SIGN- gpl20 binding. 

In yet another embodiment, the therapeutic compound can be delivered in a controlled 
release system. For example, an antibody as described above, may be administered 
using intravenous infusion, an implantable osmotic pump, a transdermal patch, 

20 liposomes, or other modes of administration. In one embodiment, a pump may be 
used [see Langer, supra; Sefton, CRC Crit. Ref Biomed. Eng. 14:201 (1987); 
Buchwald et al., Surgery 88:507 (1980); Saudek et al., N. Engl J. Med. 321:574 
(1989)]. In another embodiment, polymeric materials can be used [see Medical 
Applications of Controlled Release, Langer and Wise (eds.), CRC Press: Boca Raton, 

25 Florida (1974); Controlled Drug Bioavailability, Drug Product Design and 

Performance, Smolen and Ball (eds.), Wiley: New York (1984); Ranger and Peppas, 
/. MacromoL Sci. Rev. Macromol Cherru 23:61 (1983); see also Levy et al., Science 
228:190 (1985); During et al., Ann. Neurol. 25:351 (1989); Howard et al., 
/. Neurosurg. 71:105 (1989)]. In yet another embodiment, a controlled release system 

30 can be placed in proximity of a therapeutic target, e.g. , the brain, thus requiring only a 
fraction of the systemic dose [see, e.g., Goodson, in Medical Applications of 
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Controlled Release, supra, vol. 2, pp. 1 15-138 (1984)]. 

Other controlled release systems are discussed in the review by Langer [Science 
249:1527-1533 (1990)]. 

5 

Thus, the antagonist can be delivered by intravenous, intraarterial, intraperitoneal, 
intramuscular, or subcutaneous routes of administration. Alternatively, the antagonist, 
properly formulated, can be administered by nasal or oral administration. A constant 
supply of the antagonist can be ensured by providing a therapeutically effective dose 

10 (i.e., a dose effective to induce metabolic changes in a subject) at the necessary 
intervals, e.g., daily, every 12 hours, etc. These parameters will depend on the 
severity of the disease condition being treated, other actions, such as diet modification, 
that are implemented, the weight, age, and sex of the subject, and other criteria, which 
can be readily determined according to standard good medical practice by those of 

15 skill in the art. 

A subject in whom administration of the antagonist is an effective therapeutic- 
regiment for AIDS is preferably a human, but can be a primate with a related viral 
condition. Thus, as can be readily appreciated by one of ordinary skill in the art, the 
20 methods and pharmaceutical compositions of the present invention are particularly 
suited to administration to any primate. 

Transgenic Vectors and Inhibition of Expression 
In one embodiment, a gene encoding a soluble DC-SIGN, or antisense or ribozyme 

25 specific for DC-SIGN mRNA (termed herein an "antigene") is introduced in vivo in a 
viral vector. Such vectors include an attenuated or defective DNA virus, such as but 
not limited to herpes simplex virus (HSV), papillomavirus, Epstein Barr virus (EB V), 
adenovirus, adeno-associated virus (AAV), and the like. Defective viruses, which 
entirely or almost entirely lack viral genes, are preferred. Defective virus is not 

30 infective after introduction into a cell. Use of defective viral vectors allows for 

administration to cells in a specific, localized area, without concern that the vector can 
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infect other cells. Thus macrophage can be specifically targeted Examples of 
particular vectors include, but are not limited to, a defective heipes virus 1 (HSV1) 
vector [Kaplitt et al., Molec. Cell Neurosci. 2:320-330 (1991)], an attenuated 
adenovirus vector, such as the vector described by Stratford-Perricaudet et al. [/. Clin. 
5 Invest. 90:626-630 (1992)], and a defective adeno-associated virus vector [Samulski et 
al., J. Virol 61:3096-3101 (1987); Samulski et al., J. Virol 63:3822-3828 (1989)]. 

In another embodiment the gene or antigene can be introduced in a retroviral vector, 
e.g., as described in Anderson et al., U.S. Patent No. 5,399,346; Mann et al., 1983, 
Cell 33:153; Temin et al., U.S. Patent No. 4,650,764; Temin et al., U.S. Patent No. 
4,980,289; Markowitz et al., 1988, J. Virol. 62:1120; Temin et al., U.S. Patent No. 
5,124,263; International Patent Publication No. WO 95/07358, published March 16, 
1995, by Dougherty et al.; and Kuo et al., 1993, Blood 82:845. 

In one embodiment, specific PBMCs are removed from an HIV-positive subject 
animal {e.g., a human) and the gene encoding DC-SIGN, for example, is replaced by a 
modified DC-SIGN gene that retains its natural activity, binds ICAM-3 but cannot 
facilitate the entry of HTV into T cells. The subject animal is depleted of its 
corresponding PBMCs (e.g., if the gene modification was performed in a macrophage 
or T-cell, then the macrophages or T-cell are depleted) and the modified PBMCs are 
reintroduced into the subject animal. Such an animal subject should then have 
macrophages or T-cells, which are capable of responding to the appropriate natural 
ligand for DC-SIGN, but which are no longer capable of facilitating the entry of HIV 
into a cell. In a related embodiment, a translocation promoting agent gene (such as 
CC-CKR5 or CXCR4) is also modified to more fuUy block HIV 
translocation/infection. 

Targeted gene delivery is described in International Patent Publication WO 95/28494, 
published October 1995. 



Alternatively, the vector can be introduced in vivo by lipofection [Feigner, et. al., 
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Proc. Natl Acad Sci. U.SA. 84:7413-7417 (1987); see Mackey, et al., Proc. Nail 
Acad. Set U.S.A 85:8027-8031 (1988); Feigner and Ringold, Science 337:387-388 
(1989)]. Lipids may be chemically coupled to other molecules for the purpose of 
targeting [see Mackey, et. al., supra]. Targeted peptides, e.g., hormones or 
5 neurotransmitters, and proteins such as antibodies, or non-peptide molecules could be 
coupled to liposomes chemically. 

It is also possible to introduce the vector in vivo as a naked DNA plasmid. Naked 
DNA vectors for gene therapy can be introduced into the desired host cells by methods 
10 known in the art, e.g., transfection, electroporation, microinjection, transduction, cell 
fusion, DEAE dextran, calcium phosphate precipitation, use of a gene gun, or use of a 
DNA vector transporter [see, e.g., Wu et al., J. Biol Chem. 267:963-967 (1992); Wu 
and Wu, J. Biol Chem. 263:14621-14624 (1988); Hartmut et al., Canadian Patent 
Application No. 2,012,311, filed March 15, 1990]. 

15 

As noted above, the present invention extends to the preparation of antisense 
nucleotides and ribozymes that may be used to interfere with the expression of DC- 
SIGN at the translational level. This approach utilizes antisense nucleic acid and 
ribozymes to block translation of a specific mRNA, either by masking that mRNA 
20 with an antisense nucleic acid or cleaving it with a ribozyme. Such antisense or 
ribozyme nucleic acids may be produced chemically, or may be expressed from an 
"antigen." 

Antisense nucleic acids are DNA or RNA molecules that are complementary to at 
25 least a portion of a specific mRNA molecule [see Marcus-Sekura, Anal Biochem. 

172:298 (1988)]. In the cell, they hybridize to that mRNA, forming a double stranded 

molecule. The cell does not translate an mRNA in this double-stranded form. 

Therefore, antisense nucleic acids interfere with the expression of mRNA into protein. 

Oligomers of about fifteen nucleotides and molecules that hybridize to the AUG 
30 initiation codon will be particularly efficient, since they are easy to synthesize and are 

likely to pose fewer problems than larger molecules when introducing them into organ 
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cells. Antisense methods have been used to inhibit the expression of many genes in 
vitro [Marcus-Sekura, 1988, supra; Hambor et al. t /. Exp. Med 168:1237 (1988)]. 
Preferably synthetic antisense nucleotides contain phosphoester analogs, such as 
phosphorothiolates, or thioesters, rather than natural phosphoester bonds. Such 
5 phosphoester bond analogs are more resistant to degradation, increasing the stability, 
and therefore the efficacy, of the antisense nucleic acids. 

Ribozymes are RNA molecules possessing the ability to specifically cleave other 
single stranded RNA molecules in a manner somewhat analogous to DNA restriction 

10 endonucleases. Ribozymes were discovered from the observation that certain mRNAs 
have the ability to excise their own introns. By modifying the nucleotide sequence of 
these RNAs, researchers have been able to engineer molecules that recognize specific 
nucleotide sequences in an RNA molecule and cleave it [Cech, J. Am. Med. Assoc. 
260:3030 (1988)]. Because they are sequence-specific, only mRNAs with particular 

15 sequences are inactivated. 

Investigators have identified two types of ribozymes, Tetrahymena-typc and 
"hammerheiad"-type. Tetrahymena-typs ribozymes recognize four-base sequences, 
while "hammerhead n -type recognize eleven- to eighteen-base sequences. Hie longer 
20 the recognition sequence, the more likely it is to occur exclusively in the target 
MRNA species. Therefore, hammerhead-type ribozymes are preferable to 
Tetrahymena-type ribozymes for inactivating a specific mRNA species, and eighteen 
base recognition sequences are preferable to shorter recognition sequences. 

25 The DNA sequences encoding the DC-SIGN can be used to prepare antisense 
molecules against and ribozymes that cleave mRNAs encoding DC-SIGN, thus 
inhibiting expression of the gene encoding the DC-SIGN, which can reduce the level 
of HIV entry in macrophages and T cells. 

30 



i 
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Cells on Solid Supports 
Solid supports include glass beads, sugar beads (SEPHADEX, SEPHAROSE, 
Agarose, SEPHACEL etc.) magnetic beads, and dowex-type materials. Biological 
materials may be passed through cells bound to solid supports by common methods 
5 know to any person skilled in the art including but not limited by batchwise, by 

centrifugation, pressure-membrane filtration (e.g. Amicon or Millipore filtration) and 
through various types of columns. 

Transgenic Animals 

0 T lymphocytes from mice transgenic for human CD4 and CCR5 can be infected in 
vitro with various strains of HIV but are not infected when virus is injected into the 
animals. The expression of human DC-SIGN in the murine dendritic cells permits 
mucosal uptake of virus by these cells, transport of virus to lymphatic organs and 
subsequent in vivo infection of the cells that express human CD4 and CCR5. 

5 

The transgenic mice of the present application can be produced as detailed previously 
[Killeen et al EMBO 12: 1547-1553 (1993)], which is hereby incorporated by 
reference. The construction of the human CD4 + murine CD4" mice have been 
described [Killeen et al EMBO 12:1547-1553 (1993)]. 

0 

Generation of transgenic mice thus serve as a model system for HTV pathogenesis for 
development of vaccines and new therapeutics. Such mice express various 
combinations of human CD4 (SEQ ID NO:3), CCR5 (SEQ ID NO:5) or CXCR4 
(SEQID NO:4) and cyclin T [SEQ ID NO:6; GenBank accession AF045161, Wei et 

5 al, Cell, 92(4):452-462 (1998)] in all of their T cells, subsets of T cells and/or 
macrophages and monocytes. These types of animals have been generated using the 
CD4 regulatory sequences to direct expression in these types of cells. In addition, the 
mice express human DC-SIGN on the surface of their dendritic cells. This can be 
achieved by using a CDllc promoter to direct expression in this subset of cells 

0 [Dziennis et al., Blood, 85(2):310-329 (1995)]. Another approach is to use 
homologous recombination to introduce the DC-SIGN cDNA into the site for the 
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murine CX3CR1 coding region. Hie latter gene is expressed in dendritic cells, which 
allows for specific expression in dendritic cells of genes targeted to this site. A third 
method to achieve specific expression of human DC-SIGN in dendritic cells is to use 
homologous recombination to replace the murine DC-SIGN gene with human DC- 
5 SIGN cDNA; a similar approach has been used to replace murine CXCR4 with the 
human CXCR4. Another method is to use the human DC-SIGN promoter consisting 
of sequences of up to 5 kb 5* to the first exon to drive expression in dendritic cells. 
This promoter is generated by cloning the sequence 5' to 
"GAGTTCTGGACACTGGGGGAGAGTGGGGTGACAT" (SEQID NO:13). 

10 

Additional Uses of the Invention 
Since the present disclosure demonstrates that DC-SIGN binds gpl20 with a high 
affinity and thereby HIV tightly, there are multiple ancillary uses provided by the 
present invention. For example, DC-SIGN or gpl20 binding fragment thereof, either 
15 alone, on a solid support or in the membrane of a cell can be used to bind HIV and 
similar viruses. Such binding can be used with electroporesis for example to filter 
blood products. Alternatively, a DC-SIGN derived product, as enumerated above, 
could be uied in a vaginal prophylactic cream to prevent the transmission of virions, 
including HIV. 

20 

In addition, since DC-SIGN expressing cells are shown herein to not only facilitate 
viral transport to T cells but to also extend the longevity of virions, cells expressing 
DC-SIGN can be used in conjunction with viral vectors such as retroviral vectors 
(e.g. 9 HIV) to enhance the effect of viral vectors during "gene therapy, particularly in 
25 protocols in which the gene transfer is to be performed in T cells. 

Indeed, the present invention relates to the discovery that DC-SIGN binds and 
captures HIV virus, particularly through interaction or binding with the HIV gpl20 in 
trans. This unique ability to capture HIV, particularly infectious HIV, and sequester 
30 the virus in vivo or in vitro can be utilized in a variety of methods, applications and 
uses wherein capture of HIV is relevant or required. It is therefore contemplated that 
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DC-SIGN can be utilized to capture HIV viruses from a patient or in a patient sample. 
This could effectively concentrate virus for the purpose of further study, including but 
not limited to: evaluation of the infectivity of the isolated HIV; assessment of the drug 
sensitivity of the isolated HIV; analysis of the DNA sequence of the isolated HIV, 
5 specific HTV genes or encoded polypeptide to determine or assess, for instance genetic 
drift and viral mutations; and other characterization of the HIV population in a patient. 
In addition, the DC-SIGN mediated capture methods can be utilized in purifying or 
removing HIV which is presumed or possibly present in a sample, particulary wherein 
such sample comprises a biologic/therapeutic material or compound or will be utilized 
10 in the preparation or isolation of a biologic/therapeutic material or compound. 
Biological/therapeutic materials or compounds isolated or purified from blood or 
blood components are a particular example, including Factor VIII, other coagulation 
factors, and blood cell components, wherein presumed or possible HTV, or other such 
blood-borne viruses must be removed or inactivated 

15 

The DC-SIGN-mediated trans capture of HIV can be accomplished by providing DC- 
SIGN in trans in any form, medium or source wherein DC-SIGN is capable of binding 
to HIV to form a DC-SIGN-KV complex or association and wherein the DC-SIGN- 
HIV complex or association can thereby be isolated or captures. For instance, any of 
20 the following sources of DC-SIGN can be utilized, including cells or cell lines 

expressing DC-SIGN, DC-SIGN in membrane vescicles or synthetic lipid or lipophilic 
carriers, soluble DC-SIGN, and DC-SIGN attached to a surface, separation material 
or medium (including for instance resins, beads and columns) directly or using lipid 
monolayers or lipid moieties to anchor DC-SIGN. 

25 

Isolation of Peptides Mimicking Carbohydrate 
A major obstacle in the investigation of biological functions of carbohydrates is the 
availability of these compounds. They can often be isolated from biological sources in 
only minute amounts. A possible solution to this problem, is to mimic the 
30 carbohydrate by other compounds that are easier to prepare, e.g. peptides. A 

promising way to find such peptides is by use of the random peptide phage display 
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technology, Peptides which mimic the DC-SIGN lectin ligand or otherwise block DC- 
SIGN-mediated interactions or binding may be useful in the HIV prophylaxis, 
prevention or therapy. Peptide ligands identified by phage display screening 
frequently interact with natural binding site(s) on the target molecule, and often 
5 resemble the target's natural ligand(s). Peptides mimicking carbohydrate epitopes or 
ligands have been isolated and work directed towards using peptide mimics in place of 
carbohydrate antigens has been reviewed by Kieber-Emmons and colleagues [Kieber- 
Emmons. et al Immunologic Res 17:95-108 (1998)]. The demonstrated ability of a 
peptide to mimic a carbohydrate determinant indicates that, although mimicry is 
10 accomplished using amino acids in place of sugars, the specificity pattern can be 
reproduced 

Screening phage-displayed random peptide libraries offers a rich source of molecular 
diversity and represents a powerful means of identifying peptide ligands that bind a 

15 receptor molecule of interest (Cwirla et al PNAS 86:637-682 (1990); Devlin et al 
Science 249:404-406 (1990); Cortese et al Current Opin Biotech 6:73-80 (1995)]. 
Phage expressing binding peptides are selected by affinity purification with the target 
of interest. 'Since each infectious phage encodes the random sequence expressed on its 
surface, a particular phage, when recovered from an affinity matrix, can be amplified 

20 by another round of infection. Thus, selector molecules immobilized on a solid 

support or other capture means can be used to select peptides that bind to them. With 
regard to the present invention, DC-SIGN or gpl20 may be utilized as a selector 
molecule in such systems. This procedure reveals a number of peptides that bind to 
the selector and that often display a common consensus amino acid sequence. 

25 Biological amplification of selected library members and sequencing allows the 
determination of the primacy structure of the peptide(s). 

Peptides that mimic glycosphingolipids have been found using a phage peptide library. 
Two monoclonal antibodies that recognize lactotetraosylceramide (Lc4Cer) and its 
30 isomer neolactotetraosylceramide (nLc4Cer) were used to find peptides that mimic the 
carbohydrate moieties of the two glycosphingolipids. It was also shown that the 
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peptides are biologically active, in that they could modulate the activity of B- 
galactosidase [Taki et al. FEBS Lett 418:219-223 (1997)].Thecell wallof the 
bacterial pathogen Shigella flexneri contains repeated saccharide units forming the O- 
antigen carbohydrate moiety of the capsular lipopolysaccharide. Peptide mimics of the 
5 carbohydrate epitope were isolated using phage display technology and could act as 
immunogenic mimics and were capable of inducing specific anti-carbohydrate 
antibodies [Phalipon et al Eur J Immunol 27:2620-2625 (1997)]. Peptides that mimic 
HIV-associated carbohydrate forms have also been reported. Mouse antisera were 
generated against peptides that mimic a mucin-related carbohydrate epitope expressed 

10 on HIV. The authors showed that immunization with the peptide-mimics induces 
antibodies that cross-reacted with native HIV envelope proteins. The sera containing 
these antibodies could neutralise HIV-1 cell-free infection in vitro as well as the sera 
from patients infected with HTV-1 whereas normal human sera were ineffective in this 
viral neutralisation assay [Agadjanyan et al Nature Biotech 15:547-551 (1997)]. 

15 Further such studies include: (a) a peptide mimic of a carbohydrate epitope of the 
Lewis Y antigen has been reported and contains the residues PWLY, which were 
shown to be critical for peptide binding to an antibody specific for the Lewis Y 
antigen [Hoess et al Gene 128:43-49 (1993)] ; (b) peptides that mimic the capsular 
polysaccharide of Neisseria meningitidis serogroup C generated an immune response 

20 that was able to protect mice against infection with a lethal dose of the encapsulated 
bacteria [Westerink et al (1995) PNAS 92); and (c) the carbohydrate binding site of 
the lectin concanavalin A was investigated and peptides that mimic the binding of 
methyl a-D-mannopyranoside to ConA were identified by screening a phage-displayed 
random hexa- or decapeptide library [Scott et al PNAS 89:5398-402 (1992); 

25 Oldenburg et al. PNAS 89:5393-97 (1992)]. 

The present invention may be better understood by reference to the following non- 
limiting Examples, which are provided as exemplary of the invention. The following 
examples are presented in order to more fully illustrate the preferred embodiments of 
30 the invention. They should in no way be construed, however, as limiting the broad 
scope of the invention. 
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EXAMPLES 
EXAMPLE 1 

DC-SIGN. A DENDRITIC CELL-SPECIFIC HIV-1 BINDING 
5 PROTEIN ENHANCES 77MAtt-INFECTION OF T CELLS 

Introduction 

Dendritic cells (DC) capture microorganisms that enter peripheral mucosal tissues and 
then migrate to secondary lymphoid organs, where they present these in antigenic 
10 form to resting T cells and thus initiate adaptive immune responses. The mechanism 
. by which DC capture HTV-1 and promote infection of CD4 + T cells has not been 
elucidated, and it has been unclear whether there is specificity in the interaction of DC 
with virus. Indeed heretofore, no specific dendritic cell receptor had been identified 
that was involved in HIV infection of T cells. 

15 

Methods 

Antibodies: The antibodies (mAb) used are 2D7 (anti-CCR5; Becton and Dickinson & 
Co., Oxnard, CA) and anti-CD4 (RPA-T4; PharMingen, San Diego, CA). 
Anti-DC-SIGN mAb AZN-D1 and AZN-D2 were obtained by screening hybridoma 
20 supernatants of human DC-immunized BALB/c mice for the ability to block adhesion 
of DC to ICAM-3, as measured by the fluorescent bead adhesion assay. 

Cells: Immature dendritic cells (DC ) were cultured from monocytes in the presence 
of IL4 and GM-CSF (500 and 1000 U/ml, respectively; Schering-Plough, Brussels, 

25 Belgium) [Sallusto and Lanzavecchia, /. Exp. Med, 179:1109-1118 (1994) and 
Romani et al. J. Exp. Med., 180:83-93 (1994)]. At day 7 the phenotype of the 
cultured DC was confirmed by flowcytometric analysis. The DC express high levels of 
MHC class I and n, aMp2 (CDllb), oXp2 (CDllc) and ICAM-1, moderate levels of 
LFA-1 and CD80, and low levels of CD14. Stable K562 transfectants expressing 

30 ICAM-3 (K562-ICAM-3) were generated by co-transfection of K562 with 10 \ig 
PCKH ICAM-3 plasmid and 2 \ig PGK-hyg vector [te Riele et al., Nature 
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348:649-651 (1990)] by electroporation as described [Lub et al. t Mol Biol Cell 
5:719-728 (1997)]. Stable THP-1 transfectants expressing DC-SIGN were generated 
by transfection of THP-1 cells with pRc/CMV-DC-SIGN by electroporation similarly 
as described above for K562-ICAM-3. 

Isolation and expression of the cDNA encoding DC-SIGN: Immunoprecipitated DC- 
SIGN was identified by peptide sequencing. Tryptic digestion, purification of the 
resulting peptides and sequence analysis was performed by Eurosequence BV 
(Groningen, The Netherlands). The cDNA encoding the placenta gpl20 binding C- 
type lectin was amplified by RT-PCR on total RNA from DC. PCR primers were 
based on the nucleotide sequence of the placenta gpl20 binding C-type lectin 
[accession no. M98457, Curtis et al., Proc. Natl Acad Sci. U.SA., 89:8456-8360 
(1992)] and the nucleotide sequences (5' to 3') are as follows: 

XF29: AGAGTGGGGTGACATGAGTG (SEQIDNO:ll) 

XR1265: GAAGTTCTGCTACGCAGGAG (SEQ ID NO; 12) 
Hie nucleotide sequence of the cloned cDNA was identical to that of the placenta 
gpl20 C-type [Curtis et al. t Proc. Natl Acad. Sci. C/.SA, 89:8456-8360 (1992)]. The 
cDNA was subsequently cloned into the eukaryotic expression vector pRc/CMV 
(pRc/CMV-DC-SIGN). Stable THP-1 transfectants expressing DC-SIGN were 
generated by transfection of THP-1 cells with pRc/CMV pRc/CMV-DC-SIGN by 
electroporation similarly as described above for K562-ICAM-3. 

Fluorescent bead adhesion assay: Carboxylate-modified TransFluorSpheres (488/645 
nm, 1.0 \im\ Molecular Probes, Eugene, OR) were coated with either ICAM-3-Fc or 
M-tropic HTNMmn envelope glycoprotein gpl20 by standard methodology 
[Geijtenbeek et al. y Blood, 94(2):754-64 (1999)]. The fluorescent beads adhesion 
assay was performed as described by Geijtenbeek et al. [Blood, 94(2):754-64 (1999)]. 
Briefly, cells were resuspended in adhesion buffer (20 mM Tris-HCl pH 8.0, 150 mM 
NaCl, ImM CaCl 2 , 2 mM MgQ 2 , 0.5% BSA) at a final concentration of 5x10* 
cells/ml. 50,000 cells were pre-incubated with mAb (20 |ig/ml) for 10 min at room 
temperature (RT). Ligand-coated fluorescent beads (20 beads/cell) were added and 
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the suspension was incubated for 30 min at 37°C. Adhesion was determined by 
measuring the percentage of cells, which have bound fluorescent beads, by 
flowcytometry using the FACScan (Becton and Dickinson & Co., Oxnard, CA). 
For the M-tropic HIV-l,^ envelope glycoprotein gpl20 beads, streptavidin was 
5 covalently coupled to the TransFluorSpheres as described previously [Geijtenbeek et 
aL, Blood, 94(2):754-64 (1999)]. Streptavidin-coated beads were incubated with 
biotinylated F(ab')2 fragment rabbit anti-sheep IgG (6 ng/ml; Jackson 
Immunoresearch) followed by an overnight incubation with sheep-anti-gpl20 
antibody D7324 (Aalto Bio Reagents Ltd, Dublin, Ireland) at 4°C. The beads were 
10 washed and incubated with 250 ng/ml purified HTV-1 gpl20 (provided by 

Immunodiagnostics, Inc through the NIH AIDS Research and Reference Reagent 
Program) overnight at 4°C. The fluorescent beads adhesion assay was again 
performed as described by Geijtenbeek et al.[Blood, 94(2):754-64 (1999)]. 

15 Heterotypic cell clustering and DC-induced T cell proliferation: DC and ICAM-3 
expressing cells (2xl0 6 cells/ml) were labeled respectively with sulfluorescein 
(Molecular Probes; 50 jig/ml) and hydroethidine (Molecular Probes; 40 jig/ml) for 1 
hour at 37°C DC and the ICAM-3 expressing cells were mixed (SOxlO 3 cells each) 
and incubated at 37°C. At different time points the cells were fixed with 

20 paraformaldehyde (0.5%) and heterotypic cell clustering was measured by 

flowcytometry. Clustering between DC with resting T cells was assessed by a different 
method. DC (50x1 0 3 cells) were pre-incubated with/without the anti-DC-SIGN mAb 
AZN-D1 and AZN-D2 (10 [ig/ml) for 10 min. at RT. Allogeneic PBL (lxlO 6 cells), 
labeled with the fluorescent dye Calcein-A (Molecular Probes; 25 |ig/10 6 cells/ml for 

25 30 min. at 37°),' were added and the cell mixture was incubated at 37°C. The 
clustering was determined by measuring percentage of DC which have bound 
fluorescent T cells by flowcytometry. Allogeneic responder T-lymphocytes (lOOxlO 3 ) 
were added to DC (1.5xl0 3 ) in the presence of blocking mAb (20 ng/ml). The cells 
were cultured for 4 days. On day 4 the cells were pulsed for 16h with [ 3 H]methyl- 

30 thymidine 1.52 TBq/mmol, 0.5 pCi/well; Amersham) and thymidine incorporation 
was quantified. 
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HIV-1 infection of both DC and DC-SIGN transfectants: The M-tropic strain 
HTV-I^l was grown to high titer in monocyte-derived macrophages (MDM). Seven 
days after titration of the virus stock on MDM, TCID 50 was determined with a p24 
antigen ETISA (Diagnostics Pasteur, Marnes la Coquette, France) and estimated as 
5 lOVml. DC (50xl0 3 ), pre-incubated with mAb against DC-SIGN (AZN-D1 and 
AZN-D2) or CD4 (RPA-T4) (20 /zg/ml) or a combination of CCR5 specific 
chemokines (RANTES, MlP-la, MDP-ip; each 500 ng/ml) for 20 min. at RT, were 
pulsed for 2 hours with EHV-l Ba _ L (at a multiplicity of infection of 10 3 infectious units 
per 10 5 cells), washed and co-cultured with activated PBMC (50xl0 3 ). No DC-T cell 

10 syncytium formation was observed The post-infection experiment was performed 
similarly except that the mAb or chemokines were added after the washing step of the 
HTV-1 pulse, together with the activated PBMC. Culture supernatants were collected 
at day 5, 6, 7, and 9 after DC-T cell co-culture and p24 antigen levels, as a measure of 
HIV-1 production were determined by a p24 antigen ELISA. P BMC were activated 

15 by culturing them in the presence of 11^2 (10 U/ml) and PHA (10 (g/ml) for 2 days. 
Pseudotyped viral stocks were generated by calcium-phosphate transfections of 293T 
cells with the proviral plasmid pNL-Luc-FR" (containing a luciferase reporter gene) or 
the proviral pKV-eGFP (containing a GFP reporter gene) and expression plasmids for 
ADA, JRFL and JRCSF gpl60 envelopes. The isolation, identification and 

20 construction of the plasmids encoding the primary virus envelopes from 92US715.6, 
92BR020.4 and 93TH966.8 has been previously described [Bjomdal et al„ J. Virol, 
71(10):7478-87 (1997)]. Viral stocks were evaluated by limiting dilution on 
293T-CD4-CCR5 cells. HIV-1 pseudotyped with murine leukemia virus (MLV) 
amphotropic Env and vesicular stomatitis virus glycoprotein (VSV-G) were used to 

25 ensure target cell viability. 

Immunohistochemical analysis: Cryosections (8 |im) of the tissues were fixed in 
100% acetone (10 min), washed with PBS and incubated with the first antibody (10 
|ig/ml) for 60 min at 37°C. After washing, the final staining was performed with the " 
30 ABC-AP Vectastain kit (Vector Laboratories, Burlingame, CA) according to the 
manufacturer's protocol. Nuclear staining was performed with hematoxylin. 
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Results 

A screen for molecules that bind to the adhesion molecule ICAM-3, which is 
expressed constitutively on T lymphocytes, was performed. A dendritic cell-specific 
C-type lectin that binds with high affinity to ICAM-3 was identified and designated 
5 DC-SIGN. Monoclonal antibodies were prepared against dendritic cell surface 
molecules that blocked binding of ICAM-3 to the dendritic cells (DC). One such 
antibody was used to purify DC-SIGN and then clone the cDNA. Nucleotide 
sequence analysis of the cDNA indicated that this molecule is identical to a 
previously-described HIV-1 gp!20-binding C-type lectin that was identified in a 

10 screen of a placental cDNA library for HIV gp 120-binding cell surface proteins. 
[Curtis et al. y Proc. Nail Acad Set U.SA., 89:8456-8360 (1992); International 
Publication, WO 93/01820] which had a nucleotide sequence of SEQ ID NO:l, and an 
amino acid sequence of SEQ ID NO:2. A splice variant of this protein has been 
reported by others that has the nucleotide sequence of SEQ ID NO: 16, and an amino 

15 acid sequence of SEQ ID NO: 17. 

DC-SIGN is a DC-specific HIV-1 binding protein: DC-SIGN is now identified as a 
dendritic cbll-specific ICAM-3 adhesion receptor that mediates dendritic cell (DC)-T 
cell interactions. Flow cytometric analysis of an extensive panel of hematopoietic 

20 cells with anti-DC-SIGN antibodies demonstrates that DC-SIGN is preferentially 
expressed on in vitro cultured DC but not on other leukocytes such as monocytes and 
peripheral blood lymphocytes (PBL) (Figure 1A, Table 1). Identification of DC-SIGN 
by peptide amino acid sequencing of the 44 kD immunoprecipitated protein revealed it 
to be 100% identical in its amino acid sequence to the HIV-1 envelope glycoprotein 

25 gp 120-binding C-type lectin previously isolated from a placental cDNA library [Curtis 
et al n Proc. Natl Acad. Set U.S.A., 89:8356-8360 (1992), SEQ ID NO:2]. To 
determine whether this molecule has a role in binding of HIV to DC, a flow 
cytometric adhesion assay was used [Geijtenbeek et al, Blood, 94(2):754-64 (1999)] 
to examine the ability of HIV-1 gpl20-coated fluorescent beads to bind to imm ature 

30 DC (Figure IB). The gpl20-coated beads bound efficiently to the DC, and the 
binding was completely blocked by the anti-DC-SIGN antibodies AZN-D1 and 
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AZN-D2. In contrast, neutralizing anti-CD4 antibodies had no effect on gpl20 
binding to DC. This result indicates that, although the primary HIV-l receptor CD4 is 
expressed on DC (Figures 1C-1D), HIV-l gpl20 preferentially binds to DC-SIGN. 
Similarly, the monocytic cell line THP-1, which lacks expression of both CD4 and 
5 CCR5, bound the gpl20-coated beads after it was transfected with a DC-SIGN 
expression vector (Figure 1C). 
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TABLE 1: Expression level of DC-SIG N on hematopoietic cells a s determined bv 
flowcvtometric analyses and RT-PCR. 



Cell-type 


DC-SIGN 


DC-SIGN 




expression* 


mRNA** 


monocytes 


<15 


- - 


immature DC day 7 


980 


+ 


mature DC day 94 






LPS 


489 


+ 


MCM/PGE2 


445 


+ 


TNFa 


420 


+ 


PBL 


<15 




T cells 


<15 




B cells 


<15 




thymocytes 


<15 




granulocytes 


<15 




CD34+ cells 


<15 


n.<L 


PBMC (activated*) 


£15 




T cell lines 1 


£15 




monocytic cell lines** 


2=15 





20 

* mean fluorescence of staining with AZN-D1 

** RT-PCR with the DC-SIGN-specific primers XF29 and XR1265 on total RNA 
isolated from the different cells 

$ immature DC were maturated with GM-CSF, IL-4 and either TNFa, LPS or a 
25 combination of MCM and prostaglandin E2. 

# activated with PHA (10 >ig/ml) and JLr2 (10 U/ml) for 2 days 
f T cell lines : HSB, PEER, CEM and Jurkat 

n monocytic cell lines: THP-1, MM6 and U937 
n.A, not determined 
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HIV-1 gpl20 binding to this cell line, THP-DC-SIGN, was also blocked by 
anti-DC-SIGN antibodies, but not by anti-CD4 (Figure IE). Binding of HIV-1 gpl20 
to DC-SIGN expressed on DC or THP-DC-SIGN was also inhibited by the 
carbohydrate mannan or EGTA, consistent with previous findings [Curtis et al t Proc. 
5 Natl Acad ScL U.SA. 9 89:8356-8360 (1992)] and with the observation that DC-SIGN 
is homologous to other members of the Ca 2+ binding mannose-type lectins [Weis et 
ah, Immunol. Rev. y 163:19-34 (1998)]. Together, these results demonstrate that 
DC-SIGN is a specific dendritic cell surface receptor for the HIV-1 envelope 
1 glycoprotein. 

10 

DC-SIGN is required for efficient HIV-1 infection in DC-T cell co-cultures: Because 
DC-SIGN is exclusively expressed on DC and has high affinity for HTV-1 gpl20, it 
appeared reasonable to assume that it could play an important role in HTV-1 infection 
of DC or of T cells that make contact with DC. Immature DC, which express low 

15 levels of CD4 and CCR5 and abundant DC-SIGN (Figures 1C-1D), were pulsed with 
the R5 isolate HTV-1 BA . L for 2 hours, washed and cultured in the presence of activated 
T cells (Figures 2A and 2B). To determine the contribution of each of these receptors 
in this assay system, the effects of antibodies against CD4 and DC-SIGN and of a 
combination of three CCR5-specific chemokines (RANTES, NUP-la and NUP-ip) 

20 were examined. Pre-incubation of the immature DC with antibodies against 

DC-SIGN prior to infection resulted in significant inhibition of HIV-1 replication 
(Figure 2A). Neither anti-CD4 nor the CCR5-specific chemokines inhibited on their 
own, although a combination of these did block infection of DC as efficiently as 
anti-DC-SIGN antibodies (Fig, 2A). Activated T cells challenged with the same viral 

25 load exhibited a weaker infection than those cultured with virus-pulsed DC. 

Since DC-SIGN binds to ICAM-3 on T cells, it is possible that antibodies against 
DC-SIGN could interfere with the DC-T cell interaction and thereby prevent HIV-1 
transmission. To examine this possibility, antibodies against DC-SIGN were added 
30 after exposure of DC to HIV-1, but prior to the addition of activated T cells. In this 
setting, only CCR5-specific chemokines and anti-CD4 antibody strongly inhibited 
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HIV-1 infection of T cells, while antibodies against DC-SIGN had no effect (Figure 
2C). These results thus suggest that DC-SIGN has an important function in 
propagation of HIV-1 in DC-T cell co-cultuies and that this function is related to the 
ability of DC-SIGN to bind to gpl 20 and not to its interaction with ICAM-3. 

5 

DC-SIGN does not mediate HIV-1 entry: To investigate whether DC-SIGN acts as a 
receptor that permits HIV-1 entry, similar to CD4 plus CCR5, HIV-1 entry into 293T 
cells that expressed either DC-SIGN (293T-DC-SIGN) or CD4 and CCR5 
(293T-CD4-CCR5) was examined. Cells were pulsed overnight with HV^ washed 
10 the next day, and p24 levels were determined. There was no detectable p24 protein in 
the culture supernatants harvested from 293-DC-SIGN cells several days after the 
HTV-1 pulse, whereas the 293T-CD4-CCR5 cells were readily infected (Figure 3A). 

To examine the possibility that DC-SIGN may work in conjunction with either CD4 or 
15 CCR5 to permit viral entry, the studies were extended by using HTV-1 pseudotyped 
with the envelope glycoprotein of the R5 isolate fflV-l^. A replication-defective 
HTV-1 genome that encoded a luciferase reporter gene was employed which allows a 
quantitativfe measure of the levels of single-round infection (Figure 3B) [Deng et aL 9 
Nature, 381(6584):661-666. Transiently transfected 293T cells expressing either 
20 CCR5 (293T-CCR5), CD4 (293T-CD4), or both (293T-CD4-CCR5), in the presence 
or absence of DC-SIGN, were infected with the reporter virus, and luciferase levels 
were determined after two days. As observed with replicating virus, HIV-1 entry was 
not detected in 293T cells that expressed only DC-SIGN (Figure 3B). No infection 
was observed if DC-SIGN was expressed with either CD4 or CCR5, indicating that 
25 DC-SIGN does not form a complex with these molecules to permit viral entry. In 
contrast, high luciferase activity was obtained after infection of 293T cells expressing 
both CD4 and CCR5, and expression of DC-SIGN did not contribute farther to viral 
entry into these cells (Figure 3B). Therefore, DC-SIGN cannot substitute for CD4 or 
CCR5 in the process of HIV-1 entry. 



30 
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DC-SIGN captures HIV-1 and facilitates infection of HIV-1 permissive cells in trans: 
Because DC-SIGN did not appear to mediate virus entry into target cells, it seemed 
possible that in a DC-T cell co-culture (Figure 2A) DC-SIGN might facilitate both 
capture of HIV-1 on DC, independent from CD4 and CCR5, and the subsequent 
5 transmission of HIV-1 to the CD4/CCR5-positive T cells. To test this, 

THP-DC-SIGN transfectants, which do not express CD4 or CCR5 (Figure 1Q and 
which cannot be infected by HTV-1, were pulsed with single-round HTV-luciferase 
virus pseudotyped with the HIV-l^ envelope glycoprotein. After washing to 
remove unbound virus, the cells were co-cultured with CD4/CCR5-expressing 293 T 

10 cells, which are permissive for HIV-1 infection, or activated T lymphocytes. 

THP-DC-SIGN cells were able to capture the pseudotyped virus and transmit it to the 
target cells that expressed the receptors required for viral entry (Figure 4A). HTV-1 
capture was completely DC-SIGN dependent, as antibodies against DC-SIGN 
inhibited HIV-1 infection (Figure 4A) and DC-SIGN-negative parental THP-1 cells 

15 were unable to capture and transmit HIV-1 (Figures 4A and 4B). DC-SIGN-mediated 
infection of the target cells was not due to DC-SIGN binding to ICAM-3, since 293T 
cells are ICAM-3-negative. These findings indicate that DC-SIGN expressed at the 
surface of heterologous cells can capture HTV-1 in a form that retains its capacity to 
subsequently infect HIV-1-permissive cells. The ability of DC-SIGN to capture and 

20 transmit HTV-1 was also observed with HIV-luciferase viruses pseudotyped with 
envelope glycoproteins from an additional five CCR5-tropic isolates, including three 
primary isolates (Figure 4B) and from with HIV-luciferase viruses pseudotyped with 
envelope glycoproteins from CXCR4-tropic isolates . 

25 Analysis of luciferase activity in both adherent (293T-CD4-CCR5) and non-adherent 
(THP-DC-SIGN) cell fractions after 2 days of co-culture demonstrated that productive 
HTV-1 infection occured only in the HIV-1 permissive 293T-CD4-COR5 cells. 
Similarly, by using a pseudotyped HIV-1 vector with the green fluorescent protein 
gene in place of Nef (HIV-eGFP), it was demonstrated that cells expressing 

30 CD4/CCR5 and not those expressing DC-SIGN were infected in co-cultures. Thus, 
after co-culture of virus-pulsed THP-DC-SIGN cells with T cells, only the CD3 + T 
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cells expressed virus-encoded GFP (Figure 4C). 

Sexual transmission of HTV-1 is likely to require a means for small amounts of virus 
to gain access to cells that are permissive for viral replication- This may be achieved 

5 because of the ability of virus to interact with DC, which can capture HIV-1 and 
present it to the permissive cells. To mimic in-vivo conditions in which HIV-1 levels 
are likely to be limiting, THP-1 transfectants were challenged with low titers of 
pseudotyped HIV-1 and subsequently co-cultured these cells with HTV-1 permissive 
cells, without washing away unbound virus (Figure 5A). As expected, neither 

10 293T-CD4-CCR5 cells nor activated T cells were efficiently infected with the low 
titers of pseudotyped HIV-1 (Figure 5A). Strikingly, when these permissive cells 
were challenged with an identical amount of HIV-1 in the presence of THP-DC-SIGN, 
but not of the parental THP-1 cells, efficient HTV-1 infection was observed in trans 
(Figure 5 A). The enhancement of HTV-1 infection of 293-CD4-CCR5 by DC-SIGN 

15 was also observed with HTV-luciferase viruses pseudotyped with five other R5 
envelopes, including three from primary virus isolates (Figure 5B). These results 
indicate that DC-SIGN not only sequesters HIV-1, but also enhances CD4-CCR5 
mediated HTV-1 entry by presentation in trans to the HTV-1 receptor complex. 
Antibodies against DC-SIGN completely inhibited infection (Figure 5 A), 

20 demonstrating that the efficient enhancement of HIV-1 entry into CD4/CCR5 positive 
ceDs is DC-SIGN dependent. 

DC present in mucosal tissues at sites of HIV-1 exposure express DC-SIGN and are 
CCR5-negative: Demonstration that cells which express DC-SIGN can capture HIV-1 

25 and efficiently transmit the virus to other cells in trans suggested that DC that express 
this C-type lectin have a key role in viral infection in vivo. To determine whether such 
cells are indeed present in vivo, immunohistochemical analyses of mucosal tissues 
were performed that are the sites of first exposure during sexual transmission of 
HIV-1 (Figures 6A-6C). DC-SIGN was expressed on DC-like cells with large and 

30 very irregular morphology that were present in the mucosal tissues, such as rectum, 
cervix and uterus (Figures 6A-6C respectively), in regions beneath the stratified 
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squamous epithelium in the lamina propria. Analyses of serial sections stained for 
CD3, 0)20, CD 14 and CD68 confirmed that DC-SIGN expressing cells were distinct 
from T cells, B cells, monocytes and macrophages. Similarly, staining of lymph nodes 
and skin shows DC-restricted expression of DC-SIGN. The comparison of the 

5 expression of DC-SIGN, CD4 and CCR5 on DC in the mucosa of the uterus and 
rectum was made, and it was found that in serial sections that the majority of 
DC-SIGN-positive DC in these tissues co-expressed CD4 but lacked CCR5 (Figures 
6D-6F). This indicates that DC present at mucosal sites that have first contact with 
HTV-1 during sexual transmission, are not infected with HIV-1 through usage of 

0 CD4/CCR5. This observation is consistent with the recent demonstration that DC at 
sites of mucosal infection of non-human primates do not become infected [Stahl- 
Hennig et al, Science, 285(5431):1261-1265 (1999)]. 

DC-SlGN-bound HIV-1 retains infectivity after long-term culture: If HIV-1 gains 

5 access to secondary lymphoid organs by way of binding to DC, then virus would have 
to retain infectivity during the transport from the mucosal tissues to the T cell zones in 
draining lymph nodes. To determine if virus bound to DC-SIGN retains its infectivity 
for a prolonged period of time, a time-course experiment was first conducted to 
determine the length of time that HTV-1 gpl20 remains bound to DC-SIGN that was 

0 expressed on transfected THP-1 cells. gpl20-coated beads was observed to remain 
bound to DC-SIGN for more than 60 hours (Figure 7A). Next, the length of time 
during which HTV-1 -pulsed THP-DC-SIGN cells could retain infectious virus was 
investigated. The DC-SIGN expressing transfectants were pulsed with pseudotyped 
HIV-1 for 4 hours and then washed extensively. The pulsed cells were subsequently 

5 placed in culture and were removed at defined intervals and co-cultured with activated 
T cells (Figure 7B). Unexpectedly, after four days the HTV-1 pulsed cells were still 
able to efficiently infect target cells. In contrast, virus in the absence of DC-SIGN 
positive cells lost its infectivity after one day {see also Figure 12). These findings 
support the hypothesis that limiting numbers of HIV-1 particles, captured by mucosal 

3 DC that express DC-SIGN and CD4 but not CCR5, retain infectivity during and after 
migration to regional lymphoid tissues. T cells, which express CD4 and CCR5, would 
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then be productively infected due to DC-SIGN-mediated enhanced frans-infectivity of 
the small numbers of HIV- 1 particles (Figure 7C). 

The results described above have general applicability to all HIV strains and T cell 
5 types. Thus, Figure 8 shows that DC-SIGN mediates capture of SIV, CCR5, CXR4, 
and dual tropic HIV. Viruses encoding the reporter gene luciferase were pseudotyped 
with envelopes from the CCR5 tropic strains JREL, ADA, and JRCSF; the CXR4 
tropic strains HxB2 and LAI; the dual tropic strain 89.6; and SIV 1A11. THPorTHP- 
DCSIGN cells were pulsed with these viruses, washed, and then added to target cells. 
10 Luciferase activity was measured as an indicator of viral infection of targets (Figure 
8). As is readily apparent, in all cases a striking increase in luciferase activity was 
observed when the HIV capture was performed in the presence of a facilitator cell that 
expressed DC-SIGN. The same result was observed with HIV pseudotyped with 
envelopes from primary viral strains (Figure 9). 

15 

Figure 10 shows the enhancement of CXR4-tropic HIV infection of activated T cells. 
THP, THP-DCSIGN cells, DC, or DC preincubated with anti-DCSIGN antibody, were 
incubated toth HxB2 pseudotyped virus encoding the luciferase reporter gene, 
followed by addition of activated T cell targets. These results further confirm that the 

20 enhancement due to dendritic cells is DC-SIGN dependent even when the co-receptor, 
le. , the translocating promoter, is CXR4. The enhancement of CXR4-tropic HIV 
infection is also found for unactivated T cells, albeit to a lessor extant than in 
activated T cells. Indeed, there is an almost twenty-fold increase in luciferase activity 
related to HIV capture by naive cells performed in the presence of THP-SIGN cells 

25 relative to that performed in the presence of THP cells that do not express DC-SIGN. 
Figure 12 shows that binding to cells expressing DC-SIGN significantly extends the 
longevity of HxB2, a CXR4-tropic virus. In this case, whereas the infectivity of virus 
rapidly decreases after one day, in the absence of a cell expressing DC-SIGN, in the 
presence of a cell expressing DC-SIGN the infectivity of the virus reaches a peak at 

30 three days and remains significant at least until five days. 
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Piscussion 

A novel dendritic cell-specific adhesion receptor, DC-SIGN, has been identified that is 
identical to the high affinity HTV-1 gpl20 binding C-type lectin cloned from a human 
placental cDNA library [Curtis et al, Proc. Natl Acad. Sci. U.S.A., 89:8356-8360 
5 (1992)]. However, the present results indicate that contrary to the prior observation, 
DC-SIGN is specifically expressed in dendritic cells (DC). Furthermore, DC that 
express both DC-SIGN and CD4 preferentially use DC-SIGN to capture HIV-1 via its 
high affinity for HTV-1 gpl20. DC-SIGN not only efficiently recruits HIV-1 but also 
facilitates HIV-1 infection of CD4 + T cells by a novel in trans mechanism. These 
10 findings indicate that HTV-1 utilizes a novel receptor strategy which has not been 
previously described in other viral systems, and suggest that the virus exploits 
multiple cell surface receptor systems to ensure that it can establish a productive 
infection in its host organism.DC localized in the skin and mucosal tissues such as the 
rectum, uterus, and cervix have been proposed to play a role in initial HTV-1 infection. 

15 

DC constitute a heterogeneous population of cells that are present in minute numbers 
in various tissues just beneath the dermis or mucosal layer, and form a first-line 
defense against viruses and other pathogens. DC have previously been shown to 
sequester HTV-1 and efficiently transmit the virus to CD4 + T cells. This property of 

20 DC, as disclosed herein, can be ascribed to the ability of HIV-1 to bind specifically to 
these cells through the interaction of gpl20 with DC-SIGN. DC thus efficiently 
capture HIV-1 through a specific interaction that is independent from binding of virus 
to CD4 and CCR5. DC-SIGN cannot mediate HIV-1 entry, but rather functions as a 
unique HIV-1 frans-receptor facilitating HIV-1 infection of CD4/CCR5-positive T 

25 cells (Figures 4 and 5). At low virus titer, CD4/CCR5-expressing cells are not 

detectably infected without the help of DC-SIGN in trans (Figure 5 A). Conditions in 
which the number of HIV-1 particles is limiting are likely to resemble those found in 
vivo, and the results thus suggest that DC-SIGN may be required for viruses to be 
transmitted from mucosa to T cells that express CD4 and chemokine receptors. In 

30 addition, the present results demonstrate that virus bound to DC-SIGN is remarkably 
stable, and can thus retain infectivity for the prolonged periods of time required for 
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DC to traffic via lymphatics from mucosa to regional lymph nodes (Figures 7A and 
7B). 

Mechanism of DC-SlGN-mediated enliancement ofHN-1 infectivity: The 
5 mechanisms by which MV-1 exploits the machinery of DC and the properties of 
DC-SIGN to achieve efficient infection of cells that are competent for viral replication 
remain unclear. The process through which DC-SIGN promotes efficient infection in 
trans of cells through their CD4/chemoldne receptor complex is of particular interest. 
Binding of the viral envelope glycoprotein to DC-SIGN may induce a conformational 

10 change that enables a more efficient interaction with CD4 and/or the chemokine 
receptor. As multiple conformational transitions are required before the envelope 
glycoprotein initiates fusion with target membranes [Chan and Kim, Cell, 93(5):681- 
684 (1997)], the binding of DC-SIGN to gpl20 may facilitate or stabilize one of these 
transitions. Anti-gpl20 antibodies that increase infectivity of viral particles have been 

15 described [Lee et al, J. Virol, 71(8):6037-6043 (1997)], and it is likely that DC-SIGN 
has a similar effect upon binding to the envelope glycoprotein. Alternatively, binding 
of viral particles to DC-SIGN may focus or concentrate them at the surface of the DC, 
and could thus increase the probability that entry will occur after they bind to the 
receptor complex on target cells. In any case, it is clear that DC-SIGN enhances the 

20 infection of T cells since at low multiplicity of infection (MOI) T cells are not infected 
in the absence of DC-SIGN. 

Whether a transient quaternary complex is formed between DC-SIGN, HIV-1 Env, 
CD4 and CCR5 remains to be determined. Elucidation of the crystal structure of a 

25 gpl20-CD4 complex has revealed that most glycosylation sites within gpl20 reside in 
a ridge that flanks the CD4 binding pocket [Kwong et aL t Nature, 393(6686), 648-659 
(1998)]. Since mannans block the binding of gpl20 to DC-SIGN, it is likely that this 
C-type lectin binds to one or more carbohydrate moieties in gpl20. It remains 
possible, however, that the lectin domain of DC-SIGN interacts with the polypeptide 

30 backbone of gpl20. Mutant forms of gpl20 and soluble DC-SIGN will aid in the 
elucidation of the mechanism of enhanced infectivity in trans. 
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DC-SIGN, as disclosed herein, binds to ICAM-3, which is expressed constitutively on 
the surface of T lymphocytes. Enhancement of target cell infectivity by 
DC-SIGN-bound HIV-1 is not dependent on the presence of ICAM-3 on target cells. 
However, enhancement of infectivity was consistently better when target cells were T 

5 cells rather than 293-CD4-CCR5 cells. It remains possible that the efficiency of viral 
transmission from carrier DC to target T cells may also be enhanced by specific 
adhesive interactions other than the DC-SIGN-ICAM 3 interaction, such as LFA-1- 
ICAM-1 which predominates the adhesion between DC and activated T cells. 
Therefore, antibodies raised against DC-SIGN do not inhibit the DC-T cell 

10 transmission of HIV-1 post-infection (Figure 2C). 

Role of DC in HIV infection in vivo: The only HIV-1 receptors previously known to 
have a role in HIV-1 entry were CD4 and a subset of the G-protein coupled 
chemokine receptors, such as CCR5 and CXCR4. CCR5 functions as the major 

15 receptor for strains of virus previously classified as "macrophage-tropic", and only 
those strains that can utilize this chemokine receptor can be efficiently transmitted 
between individuals [Iittman, Cell 93:677-80 (1998)]. Other gpl20 binding 
receptors had been previously identified, including DC-SIGN and galactosyl ceramide 
[Harouse et al, Science, 253(5017):320-323 (1991)], but these had not been shown to 

20 be involved in viral entry. The present disclosure shows that DC-SIGN not only binds 
HTV-1, but also sequesters HIV-1 and thereby catalyzes its entry into cells that express 
CD4 and a chemokine receptor(s). The present results and the pattern of expression of 
the different receptors in mucosal tissues are consistent with DC-SIGN having a key 
function in the early stages of viral infection. Remarkably, the immunohistochemical 

25 analyses, disclosed herein, clearly demonstrate that CCR5 is not expressed in the 
lamina propria of HIV-1 related mucosal tissue (Figure 6), whereas DC-SIGN is 
abundantly expressed. This observation confirms and extends the findings of Hladik 
et al, who showed that DC present in the genital tract also lack CCR5 [Hladik et d. 9 
J. Virol, 73(7):5833-42], and the present results indicate that HIV-1 cannot infect DC 

30 present at mucosal sites. 
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DC-SIGN therefore plays a crucial role in initial HIV-1 exposure by mediating viral 
binding to DC present in mucosal tissues, rather than infection of these cells. The 
high level of expression of DC-SIGN on immature DC and its high affinity for gpl20, 
which exceeds that of CD4 [Curtis et al., Proc. Natl. Acad. Sci. U.S.A., 89:8356-8360 
5 (1992)], indicate that DC-SIGN is endowed with the ability to efficiently capture 
HIV-1, even when the virus is present in minute amounts. HIV-1 may subsequently 
exploit the migratory capacity of the DC to gain access to the T cell compartment in 
lymphoid tissues. DC must be activated to commence their migration, and it is hence 
possible that multimerization of DC-SIGN on the cell surface of DC by interaction 

10 with the multivalent virus particles may initiate this process. Interestingly, the time 
course of HIV-1 stability when associated with DC-SIGN shows that DC-SIGN is able 
to capture and bind to HIV-1 for more than 4 days, after which the virus can still infect 
permissive cells. This long-term preservation of HIV-1 in an infectious state would 
appear to allow sufficient time for it to be transported by DC trafficking from mucosal 

15 surfaces to lymphoid compartments, where virus can be transmitted (Fig. 7C) [see 
also Steinman et al, Immunol. Rev., 156:25-37 (1997)]. Several groups have reported 
that DC can migrate from the periphery to draining lymph nodes within two days after 
antigen exposure or HIV-1 challenge [Barratt-Boyes et al, J. Immunol, 158(10):4543- 
7 (1997); Stahl-Hennig et al, Science, 285(5431): 1261-5 (1999)]. Viral particles have 

20 also been reported within endocytic vesicles of DC. This observation suggests that 
DC-SIGN-bound HIV-1 may be internalized and protected during the time required 
for the cells to complete their journey to the regional lymph nodes. 

The present results indicate that after HIV-1 has been ferried by DC to the lymphoid 
25 compartment, DC-SIGN presents the bound viral particles to the CD4/CCR5 complex 
present on T cells and greatly enhances their entry into these cells (see schematic in 
Figure 7C). Monoclonal antibodies directed against DC-SIGN have been shown to 
block productive infection occurring in the T cell co-cultures with 
CD4/CCR5-positive monocyte-derived DC. Therefore, even in the presence of 
30 obligatory HTV-1 receptors present in cis on target cells, DC-SIGN functions as a 
rnzjw-receptor for HIV-1 infection of T cells 'and is critical in the primary co-cultures. 
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This is the first example of such a receptor that works primarily in trans. 
Interestingly, CD4 can also facilitate HTV-1 infection of CD4-negative cells that 
express CCR5 by a /ro/u-receptor mechanism, although it remains unclear whether 
this is an important route of infection in vivo [Speck et a/., Curr. Biol, 9(10):547-50 
5 (1999)]. In that case, interaction of envelope glycoprotein with CD4 results in a 
conformational change that permits binding of the virus to CCR5 on CD4-negative 
cells. Together with the results presented here, these studies indicate that HTV-1 can 
use receptors in trans to facilitate infection of cells which otherwise may be difficult 
to infect either because of lack of proper receptors or because of their anatomical 
10 distribution relative to the sites of HIV-1 exposure. The discovery of the role of 

DC-SIGN in HTV-1 infection may have significant implications for understanding the 
mechanism of HTV-1 transmission and for developing strategies to prevent or block 
viral infection. 

15 EXAMPI£2 

UPTAKE OF HTV IN AN ENDOSOMAL COMPARTMENT 

After pulsing THP-1 cells transfected with DC-SIGN (THP-SIGN cells) with HIV, the 
virus internalizes within about 20 minutes, and is thereby protected from treatment 

20 with external proteases and/or subsequent washing steps. HIV obtained from these 
cells can then infect target T cells. In direct contrast, if protease treatment is earned 
out at t=0, there is no protection and no subsequent infection of target cells. These 
results indicate that HIV is taken up by endocytosis and subsequently released from 
the cells in infectious form. Similar results were obtained when primary dendritic 

25 cells were used (Fig. 13). A time course of DC-SIGN-mediated internalization of 
gpl20, and subsequent loss of gpl20 trypsin sensitivity is shown in Figure 14B. 

Uptake and subsequent release of HIV particles from THP-SIGN cells have kinetics 
similar to those of transferrin, which traffics through recycling endosomes (Figures 
•30 15A-15B). In addition, HTV particles are observed by confocal microscopy in 

endosomal vesicles distinct from LAMP+ lysosomes, which is consistent with DC- 
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SIGN-medi&ted uptake of HIV into recycling endosomes (Figures 16A-16B). 

Therefore, THP-SIGN cells can capture HIV and increase its inf ectivity in trans. In 
contrast, THP-CD4+ cells, which can also capture HIV, cannot enhance infectivity in 
5 trans. Because it is known that CD4 traffics to late endosomes and lysosomes, 
binding of HTV to this receptor would result in its uptake and degradation. 

The present invention is not to be limited in scope by the specific embodiments 
described herein. Indeed, various modifications of the invention in addition to those 
10 described herein will become apparent to those skilled in the art from the foregoing 
description and accompanying figures. Such modifications are intended to fall within 
the scope of the appended claims. 

It is further to be understood that all base sizes or amino acid sizes, and all molecular 
15 weight or molecular mass values, given for nucleic acids or polypeptides are 
approximate, and are provided for description. 

Various publications are cited herein, the disclosures of which are all incorporated by 
references in their entireties. 

20 
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WHAT IS CLAIMED IS : 

L An antibody that is specific for an antigenic fragment of gpl20; wherein said 
antigenic fragment is obtained from a portion of gpl20 selected from the group 
5 consisting of the portion of gpl20 that binds to DC-SIGN and a portion of gp!20 that 
is that is exposed upon gpl20 binding of DC-SIGN due to the concomitant 
conformational change; wherein said antibody inhibits the trans-enhancement of HIV 
entry into a T cell or macrophage facilitated by dendritic cells. 

10 2. The antibody of Claiml that is a monoclonal antibody. 

3. An immortal cell line that produces the monoclonal antibody according to 
Claim 2 . 



15 



4. An antibody that is specific for the DC-SIGN-gpl20 binding complex; wherein 
said antibody inhibits the ability of dendritic cells to facilitate the trans-enhancement 
of HIV entry into a T cell or macrophage. 
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9. A mammalian cell that is transfected with a vector encoding human DC-SIGN; 
wherein said cell can facilitate the trans-enhancement of HIV entry into a T cell or 
macrophage. 

5 10. The mammalian cell of Claim 9 that is not a dendritic cell. 

1 1. The mammalian cell of Claim 9 wherein said cell is attached to a solid support 
matrix. 

10 12. A method of filtering a biological fluid to remove a virus expressing an HTV 
envelope glycoprotein that binds DC-SIGN comprising passing the biological fluid 
through the cell of Claim 11. 

13. The mammalian cell of Claim 9 that is a human cell. 

15 

14. A transgenic non-human mammal comprising DNA constructs encoding 
human CD4, a human translocation promoting agent, and human DC-SIGN, wherein 
said transgenic non-human mammal is capable of mucosal uptake of HIV, transport of 
the HIV to lymphatic organs and infection of a target T cell and/or macrophage by 

20 HTV; and wherein said infection is greatly enhanced relative to a transgenic non-human 
mammal that does not contain a DNA construct encoding DC-SIGN. 

15. The transgenic non-human mammal of Claim 14 further comprising a DNA 
construct encoding human cyclin T. 

25 

16. The transgenic non-human mammal of Claim 15 wherein the human 
translocation promoting agent is selected from the group consisting of CCR5, CXCR4, 
CCR2b, CCR3, Bob and Bonzo. 

30 17. The transgenic non-human mammal of Claim 14 which is a mouse. 



i 
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18. A method of treating or preventing HIV infection by inhibiting the trans- 
enhancement of HIV entry into a T cell or macrophage facilitated by dendritic cells 
comprising administering a humanized form of the antibody of Claim 1. 

5 19. A method of identifying a compound that interferes with the trans-enhancement 
of HIV entry into a cell comprising: 

(a) contacting a first cell with a vector in the presence of a test compound, 
wherein the vector comprises a viral envelope protein that binds DC-SIGN, wherein 
the first cell expresses DC-SIGN, and wherein a DC-SIGN-viral envelope protein 

10 complex forms between the first cell and the vector in the absence of the test 
compound; 

(b) removing unbound vector and test compound from the first cell; 

(c) contacting a second cell with the first cell; wherein the second cell is 
susceptible to entry of vectors comprising the viral envelope protein; and 

15 (d) determining the amount of vector that has entered the second cell; 

wherein a test compound is identified as a compound that interferes with the trans- 
enhancement of HIV entry into a cell when the amount of vector entry is less when the 
test compound is present in step (b) than when it is absent in step (b). 

20 20. The method of Claim 19 wherein said removing of step (b) comprises washing 
the unbound vector and the test compound away from first ceU. 

21. The method of Claim 19 wherein the second cell is a T cell or macrophage. 

25 22. The method of Claim 19 wherein the second cell expresses CD4 and a 

translocation promoting agent selected from the group consisting of CCR5, CXCR4, 
CCR2b, CCR3, Bonzo, and BOB. 

23. The method of Claim 22 wherein the translocation promoting agent is CCR5 
30 and the viral envelope protein is JREL. 
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24. The method of Claiml9 wherein the vector contains a marker protein and step 
(c) is performed by detecting the amount of marker protein expressed in the cell. 

25. The method of Claim 24 wherein the marker protein is selected from the group 
5 consisting of luciferase and green fluorescent protein. 

26. A compound identified by the method of Claim 19. 

27. An assay for identifying an agent for use in the treatment or prevention of HTV 
10 infection using the transgenic non-human mammal of Claim 16, comprising: 

(a) administering a test compound to the transgenic non-human mammal; 

(b) infecting the transgenic non-human mammal with a virus having an 
HIV envelope glycoprotein; and 

(c) measuring the ability of the transgenic non-human mammal to resist 
15 said infection; wherein a test compound is identified as an agent for use in the 

treatment or prevention of HIV infection when the measured ability of the transgenic 
mammal to resist said infection is statistically greater in the presence of said test 



